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SUMMARY 
At the outset of this work very few pyrimido[S,4-~]-
as-triazines bearing a functional group at the 3-position 
were known. Thus the initial part of the project was 
directed toward the synthesis of derivatives bearing 
amino or oxo substituents in the 3-position. Primary 
synthesis of such derivatives from 5-amino-4-hydrazino-
pyrimidines and appropriate cyclizing reagents as well 
as some other approaches proved unsuccessful. The 
successful route involved introduction of a 3-alkoxy 
substituent by condensation of 5-amino-4-hydrazino-
pyrimidines (or their 5-nitro analogues, followed by 
reduction) with the little-explored tetraethoxy- or 
tetrapropoxy-methanes, followed by cyclization and 
oxidation to the fully aromatic 3-alkoxypyrimido[S,4-~]-
as-triazines. These were then easily converted into 
3-amino or 3-oxo analogues by aminolysis or hydrolysis, 
respectively. 
Using tetraethoxymethane, several di- and tri-
alkoxy derivatives were prepared. Successive aminolysis 
of these established the relative positional reactivity 
of alkoxy groups in such pyrimido[S,4-~]-as-triazines 
as 5>3>7. 
3-Alkoxypyrimido[S,4-~]-as-triazines were shown to 
undergo transetherification at the 3-position in 
boiling alcohols in the presence of silver oxide. 
Manganese dioxide also proved to be an excellent 
I 
transetherification reagent but mercuric oxide 
exhibited no such property. 
The alkoxypyrimidotriazines served as precursors 
of aminopyrimidotriazinones. Selective hydrolysis 
of one or more alkoxy groups followed by aminolysis 
V 
of the remaining group(s) gave amino-oxo analogues 
required for testing as anti-leukaemic agents. In 
another approach to aminopyrimidotriazinones, 6-amino-
3-ethoxy-1,2,4-triazine-5-carboxamides were prepared 
and cyclized to 3-ethoxypyrimido[S,4-~]-as-triazin-5-
ones or the corresponding 5,7-diones; aminolysis of 
the alkoxy group then gave the amino-oxo analogues. 
Tetra-alkoxymethanes and tetrakismethylthiomethane 
proved to be cyclizing reagents of great value, not 
only for the preparation of 3-alkoxypyrimido[S,4-~]-
~-triazines, but also for making 8-alkoxypurines, 
2-alkoxybenzimidazoles, 2-alkoxythiazolo[S,4-~]-
pyrimidines, 2-alkoxynaphth[2,3-~]imidazoles, 2-alkoxy-
imidazo[4,5-~]pyridines, and 8-methylthiopurine. The 
tetra-alkoxymethapes also proved capable of 
~-alkylating pyrimidinethiones. 
The ionization constants, ultraviolet spectra, 
mass spectra, and proton magnetic resonance spectra 
were measured and are discussed. 
I 
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CHAPTER I 
INTRODUCTION: LITERATURE REVIEW 
1. Nomenclature 
The systematic name for structure (I-1) as 
adopted in The Ring Index is pyrimido[S,4-§]-as-
1 
triazine . Numbering is logical and proceeds in the 
order giving the lowest locants to the nitrogen atoms. 
Although The Ring Index name is in general use in the 
recent literature, several less cumbersome names have 
been used in the past. The three naturally occurring 
antibiotics having structure (I-1) as their basic 
ring system have each been given names other than 
The Ring Index name. Fervenulin (I-2; also known as 
planomycin or 1,3-dimethyl-7-azalumazine) is isomeric 
with toxoflavin (I-3; known also as xanthothricin). 
2-Methylfervenulone (I-4) has been named as a 
derivative of fervenulin (I-2). 
7-Azapteridine (I-5) is another generally 
accepted name since it uses the more familiar 
numbering system of pteridine. The 2,4-dioxo 
derivative of ·pteridine known as lumazine (I-6) is 
used as the root in naming 6-azalumazines and retains 
the pteridine numbering system. 
This thesis employs The Ring Index nomenclature 
for the ring system (I-1) and except where essential 
for clarity this will be abbreviated to pyrimido-
triazine. Exceptions will arise in the discussion 
( I -1) 
pyrimido [ S,4-~] -~-triaz i ne 
Toxoflavin 
s t+ 
·6)tt 1N dJ2 
'--N N 
8 1 
( I - 5) 
7-Azapteridine 
OH (Q)OJ 
( I - 7) 
la 
Me 
( I - 2) 
Ferve nulin 
Nx::O oy ~ NMe 
MeN # I 
"-N NA 0 
Me 
( I -4) 
2-Methylfervenulone 
0 
NC 0 NH 
~N N,10 
H 
( I -6) 
Lumazine 
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of synthetic derivatives of natural products. 
Nomenclature difficulties exist in compounds 
possessing potentially tautomeric group s, e.g. amino-
imino, hydroxy-oxo and mercapto-thioxo. Thus, the 
hydroxy-derivative (I-7) may be written in the 
tautomeric oxo form (I-8) giving rise to two 
different names. In this thesis the latter form, 
pyrimidotriazin-5-one will be used since it 
represents the predominate tautomer. For the same 
reason the names pyrimidotriazine-5-thione and 
5-aminopyrimidotriazine will be used throughout. 
2. History 
The history of the pyrimido[S,4-~]-as-triazine 
ring system has its origin amongst the natives in the 
densely populated areas of mid-Java. The people of 
the island sometimes became ill and frequently died 
after eating a popular coconut product known as 
"bongkrek". The preparation of bongkrek involved 
mashing the copra, removing the oil, inoculation of 
the residue with mould and finally incubating prior 
to eating. Since bongkrek did not consistently cause 
illness the discovery that it was the source of a 
toxin was delayed. Mertens and van Veen (1933a, 
1933b) showed that the toxic properties resulted when 
the incubation mixture was contaminated by an 
aerobic bacterium later identified as Pseudomonas 
cocovenans (van Veen and Baars, 1937). Van Veen and 
3 
Mertens (1934a, 1934b) were able to isolate two toxic 
substances from cultures of the micro- organism on 
moist, defatted copra. The structure of one of these, 
bongkrekic acid, has received little attention 
(Nugteren and Berends, 1957 and references therein). 
However, the other toxin known as toxoflavin has been 
the subject of extensive work and its structure was 
established beyond doubt. Van Veen and Baars (1938) 
first proposed the structure as a desmotropic 
tautomer (I-9) (Blitz, 1936) of 1-methylxanthine 
(I-9a) but Johnson and Arnbelang (1939) demonstrated 
the implausibility of this structure. It was not 
until 1960 that van Damme, Johannes, Cox, and Berends 
set out afresh and proposed two possible structures 
(I-11, R=H; and I-12) as the result of degradation 
studies and a more accurately determined molecular 
formula. The X-ray diffraction studies of 
Hellendoorn, Cate-Dhont, and Peerdeman (1961) 
confirmed structure (I-11) and the compound was 
unambiguously synthesized in 1961 (Daves, Robins, and 
Cheng, 1961a and 1962): 6-chloro-5-formamido-3-
methyluracil (I-10, R=H) and methylhydrazine formed a 
dihydro-i~termediate which underwent aerial oxidation 
to give 1,6-dimethylpyrimido[S,4-~]-as-triazine. This 
was found to be identical with the biologically 
produced toxoflavin. Starting with the 5-acetamido-
pyrimidine (I-10, R=Me) they also prepared the 
3-methyl analogue (I-11, R=Me) . 
4 
Working at the Merck Company , West Point, Pa., 
Machlowitz, Fisher, McKay, Tytel, and Charney (1954) 
isolated a crystalline substance from the culture 
filtrate of Streptomyces albus. This substance known 
as "xanthothricin" later proved to be toxoflavin 
(Latuasan and Berends, 1961; Daves, Robins, and Cheng, 
1961a and 1962). 
Another crystalline antibiotic, fervenulin (also 
known as planomycin), was isolated by DeBoer, Dietz, 
Evans, and Michaels (1959) at The Upjohn Company from 
a culture of Streptomyces fervens and later from 
Streptomyces rubrireticuli (Tanabe, Asahi, Nishikawa, 
Shima, Kuwada, Kanzawa, and Ogata, 1963). Working in 
the Upjohn laboratories, Eble , Olson, Large and Sheel 
(1959) purified the compound by countercurrent 
distrib~tion but were unable to determine its 
~tructure saying only that the molecule contained a 
·six-membered lactone on the basis of its infrared 
spectrum. Daves, Robins, and Cheng (1961) observed 
the similarities (identical molecular formula, similar 
u.v. spectrum) between this compound and toxoflavin 
and proceeded to prove that they were isomers of the 
same ring system. Pfleiderer and SchilndehUtte in 
1958 were the first to synthesize a pyrimido[5,4-~]-as 
-triazine. As it happened, this first example was 
fervenulin itself (I-14, R=H) and all that remained for 
Daves et al. (1961, 1962) was to prove the synthetic 
5 
and biological samples identical. The Pfleiderer and 
SchlindehUtte synthesis involved reductive cyclization 
of the pyrimidine (I-13, R=H) followed by aerial 
oxidation. By this method they also obtained 
3-methylfervenulin (I-14, R=Me). Taylor and Sowinski 
(1968) synthesized the same compound by an entirely 
different route (see under primary synthesis). 
While working at Merck Sharp and Dohme 
Laboratories, Miller, Chaiet, Arison, Walker, Trenner, 
I 
and Wolf (1963) isolated a new .antibacterial substance 
from the fermentation broth of an unidentified 
actinomycete. They labelled this compound MSD-92 
(also known as 2-methylfervenulone) and correctly 
identified it as a tri~ethylpyrimidotriazinetrione. 
The four specific structures proposed by Miller et al. 
were shown to be incorrect by Taylor and Sowinski 
(1969) when they unequivocally synthesized the 
antibiotic (I-16) by stirring the semicarbazide (I-15) 
with sodium acetate. 
Toxoflavin, fervenulin, and MSD-92 form a triad 
of naturally occurring antibiotics with a wide 
spectrum of biological activity (see next section). 
Elucidation of the structures of these antibiotics 
has opened an interesting area of research from both 
the chemical and biological standpoints. 
( I -9) 
0 fl(: RC:~ I NJ: R(Nx:NMe N'--N "'-N,10 
H 
(I-10) 
0 
O ON~NMe 
RCNHNlN~O 
Me 
(I-13) 
0 0 
H2N(Me)N~HNLNMe 
Cl I 
NAO 
Me 
(I-15) 
Me 
(I-11) 
Sa 
(I-9a) 
0 
N II MeN/ x:NMe 
l.N "'-N,10 
(I-12) 
(I-14) 
0 0 N:t ~( ~ NMe 
MeN /2 I 
"-N NAO 
Me 
(I-16) 
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3 . Biological Studies 
Biological studies of the three known naturally 
occurring antibiotics (toxoflavin, fervenulin, MSD-92} 
having as a structural basis the pyrimido[5,4-~J-as-
triazine ring system, were limited in number. 
In vitro studies have shown them to be in general 
broad-spectrum antibacterials but in vivo studies 
with mice have produced no positive results. 
In mice, toxoflavin and MSD-92 were extremely 
toxic when administered intraperitoneally having an 
LD50 of 3 mg/kg (Liao, Baiocchi, and Cheng, 1966} and 
2.5 mg/kg (Miller et al., 1963), respectively. In 
most cases this made the drugs impractical since a 
body concentration sufficient to kill the bacteria 
also killed the animal. However, fervenulin having an 
LD50 (intraperitoneally} of 65 mg/kg (DeBoer et al., 
1959) was tolerated to a greater extent by mice and 
was therefore screened more widely through in vivo 
studies. However, repeated doses at 20 mg/kg/day 
produced anorexia and diarrhoea making it unsuitable 
for routine treatment at this level. DeBoer et al. 
(1959) have shown that fervenulin has broad-spectrum 
antibacterial, antifungal, antiparasitic, and 
antitumour cell activity in vitro but no demonstrable 
activity in vivo although they did demonstrate its 
usefulness (co50 3.9 mg/kg) against Trichomonas in 
mice and in hamsters. Similarly, MSD-92 showed 
broad-spectrum antimicrobial activity in vitro but 
7 
when tested in mice at a tolerated level of 0.5 mg/kg 
(intraperitoneally) it failed to cure an experimental 
Salmonella infection (Miller et al., 1963). 
Toxoflavin has also shown wide in vi~ro activity 
against microorganisms (van Damme et al., 1960 and 
Machlowitz et al., 1954) but did not inhibit the 
growth of yeast cells (Latuasan and Berends, 1961). 
Bergmann, Levene, Neiman, and Brown (1970) have 
investigated the oxidation of pyrimidotriazin-5-one 
(I-i7) by xanthine oxidase. It was first attacked at 
position 7 to give pyrimidotriazine-5,7-dione (I-18) 
and then slowly converted to the 3,5,7-trione (I-20). 
They were unable to find evidence for a 3,5 - dione 
(I-19). The formation of the trione (I-20) was 
somewhat surprising when compared with the results 
obtained by oxidation of pteridi ne (I-21) with 
xanthine oxidase (Bergmann and Kwietny, 1958 and 1959) 
since position 6 in pteridine (comparable to 3 in 
pyrimidotriazine) was the only carbon not attacked. 
This result was explained on the basis of molecular 
orbital calculations. 
Some pyrimido[4,5-~]-as-triazines showed anti-
viral activity (Kuchler, Kuchler, and Heinisch, 1966) 
and pyrimido[5,4-d]-v-triazines showed antibacterial, 
anti-inflammatory, and diuretic activity (V. Papesch, 
1962) as well as cardiovascular and spasmolytic 
activity (Thomae, 1964; J. Roch, 1965). 
(I-17) 
(I-19) 
5 I+ 
8 l 
(I-21) 
Pteridine 
7a 
(I-18) 
H 0 
oyN~NH 
N¾N~ N~O 
H 
(I-20) 
4. Reactions of Pyrimido[S,4-~]-as-triazines 
A. Ring Cleavage 
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Ring opening reactions occurred under a variety 
of conditions but with one exception opening appeared 
to follow a simple rule. The tr i azine ring of a 
1,2-dihydropyrimidotriazine opened to give a 
pyrimidine whereas in the aromatic system the 
pyrimidine ring opened to give an as-triazine. 
The literature contains several examples of each. 
5-Chloro-1,2-dihydropyrimidotriazine (I-22) as well as 
i ts 5-mercapto (I-23) and 5-methyl (I-24) analogues 
underwent triazine-ring opening in dilute acid to give 
the 5-amin o-4-hydrazinopyrimidines (I-22a), (I-23a), 
and (I-24a), respectively (Temple, McKee, and 
Montgomery, 1963; Temple , Kussner, and Montgomery , 
1969; Taylor, Barton, and Paudler, 1961). 5-Chloro-
1,2-dimethylpyrimidotriazine (I-25) was opened at 
room temperature to give the pyrimidine (I-25a) under 
both acidic and alkaline conditions (Temple, McKee, 
and Montgomery, 1963). 
The pyrimidine ring of the aromatic 5-amino-
and 5-oxo-pyrimidotriazines was opened by a variety 
o f amines giving rise to 6-amino-as-triazines. For 
example, 5-aminopyrimidotriazine (I-26) was cleaved 
at 100° with alcoholic hydrazine and at 125° with 
alcoholic ethylamine to give the as-triaz i ne-5-
carboxamide hydrazone (I-27a) and the as-triazine-
5-carboxamidine (I-27b), respectively (Temple, 
Kussner, and Montgomery, 1969a). In hot aqueous 
R3 
(N:©N 
:J:'N N~ 
R2 . 
(I-22) (R 1=R 2=H, R3=Cl) 
{I-23) 1 2 (R =R =H, R3=SH) 
(I-24) ( R1=R 2=H, R3=Me) 
{I-25) (R 1=R 2=Me, R3=Cl) 
(I-26) 
(I-28) 
8a 
R3 
H2N[QN 
R1HNR2N NdJ 
(I -22a) 
(I-23a) 
(I-24a) 
(I-25a) 
{I-27a) (R=NH 2) 
(I-27b) (R=Et) 
(I-29a) (R2=H) 
(I-29b) (R2=NMe 2) 
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ethanolic triethylamine the pyrimidotriazin-5-ones 
(I-28, R1=H or CH 2OMe) yielded 6-amino-5-carbamoyl-
as-triazines (I-29a). Pyrimidotriazin-5-one (I-28, 
R1=H) with 1,1-dimethylhydrazine gave the dimethyl-
carbohydrazide (I-29b, R1=H) and with morpholine in 
ethanol (I-28, R1=H) it yielded 6-amino-5-morpholino-
carbonyl-as-triazine (Clark and Smith, 1972). 
Treatment of pyrimidotriazin-5-one with hydroxylamine 
or with methoxylamine gave the intermediate triazines 
(I-30, R=H and Me, respectively) which recyclized to 
the 6-hydroxy (I-3la) or 6-methoxy (I-3lb) 5-ones. 
In the case of 6-methoxypyrimidotriazin-5-one a 
further ring cleavage ensued yielding the 
as-triazine (I-32) (Clark and Smith, 1972). 
The 5-thioxopyrimidotriazine (I-33) was cleaved 
at room temperature in ethanolic sodium hydroxide to 
give the 5- ~-methyl(thiocarbamoyl)-as-triazine (I-34) 
(Yoneda, Sakuma, Ueno, and Nishigaki, 1973). 
Treatment of 5-amino (I-34a), 5-methoxy (I-34b) and 
5-benzylthio (I-34c) pyrimidotriazines with methanolic 
hydrochloric acid opened the pyrimidine ring to give 
the same product in each instance: methyl 6-amino-as-
triazine-5-carboxylate (I-35) (Temple, Kussner, and 
Montgomery, 1971a). 
Several 5-chloro-1,2-dihydropyrimidotriazines 
(I-36), when stirred at room temperature with 
methanolic bromine, yielded 5-methoxycarbonyl-as-
triazines (I-38). Presumably the first step was 
oxidation to the fully aromatic system (I-37) 
(I-31a) (R=H) 
(I-3lb) (R=Me) 
9a 
(1-30) 
0 N 11 ro CNHOMe _ N ./ J N: CHNHOMe 
'-... N/ 
(I-32) 
(I-34) 
(I-34a, R=NH 2) 
(I-34b, R=OMe) 
(I-34c, R=SCH 2C6H5) 
(I-36) 
(I-39) 
Toxoflavin 
) 
(I-37) 
9b 
(I-35) 
(I-38) 
(I-39a) 
followed by acidic ring cleavage by the hydrogen 
bromide generated in the oxidation step (Temple, 
Kussner, and Montgomery, 1971a). 
The exception to the ring opening rule stated 
above was a reaction carried out by van Damme 
et al. (1960) during their characterization of 
10 
toxoflavin. They found that toxoflavin (I-39) when 
treated in aqueous solution with 2-phenylenediamine 
dihydrochloride gave a 90% yield of ~-methylalloxazine 
(I-39a) and showed that it was identical with an 
authentic sample. 
B. Covalent 5,6-Adducts 
Covalent hydration (Albert and Armarego, 1965) as 
well as addition of other nucleophilic reagents 
(Albert and Reich, 1961; Albert and Howell, 1962; 
Albert , 1955) to heteroaromatic systems has been 
extensively investigated. Addition to an aromatic 
system appeared odd at first sight but was explained 
on the basis of the high electron affinity of doubly 
bonded nitrogen atoms. These electron withdrawing 
groups (each comparable to a nitro group in 
nitrobenzenes) depleted the TT-electron layer so that 
normal aromatic stability was reduced. Some sites in 
the molecule then attained properties similar to 
those of an isolated highly polar double bond and 
reacted accordingly. The importance of electron 
deficiency was illustrated by comparing the extent of 
hydration in a series of azanaphthalenes with an 
increasing number of electron withdrawing centres: 
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2-hydroxy-1,3-diazanaphthalene, 25%; 2-hydroxy-
1,3,8-triazanaphthalene, 90%; and 2-hydroxy-1,3,5,8-
tetraazanaphthalene, 97.7% (all as neutral species) 
(Albert and Armarego, 1965; Armarego, 1962; Inoue and 
Perrin, 1963). For each doubly bonded nitrogen atom 
added, the proportion of hydrated molecules increased. 
Thus it was not surprising to find that the pyrimido-
triazines also underwent covalent addition since they 
contained yet another doubly bonded nitrogen atom. 
Resonance stabilization of the adduct also played 
an important role (see Albert and Armarego, 1965). 
Biffin and Brown (1968) were the first to observe 
and isolate a covalent adduct of the pyrimidotriazine 
ring system. Freshly prepared 3-methylpyrimidotriaz-
ine (I-40) was mixed with methanol then evaporated to 
dryness to give the 5,6-dihydro-5-methoxy-3-methyl-
pyrimidotriazine (I-41) which was sufficiently stable 
1 for characterization by H n.m.r., u.v., and mass 
spectra. This adduct was stabilized by resonance 
(I-41) ~--> (I-41a). Oxidation with silver oxide 
provided (I-42), a structure confirmed by independent 
synthesis, thus providing proof that the 5-position 
was the site of covalent addition (Biffin, Brown, and 
Sugimoto, 1970). The blocking effect of a methyl 
group (Albert and Armarego, 1965) at the potential 
reaction site prevented the formation of adducts in 
the 5-methylpyrimidotriazines and provided further 
proof for the site of addition (Biffin, Brown, and 
Sugimoto, 1970). However, due to its strong electron-
12 
withdrawing inductive effect a 5-trifluoromethyl 
group promoted 5,6-hydration. Clark and Yates (1971a) 
have prepared a series of 5-trifluoromethylpyrimido-
triazines and found all of them to be essentially 
completely 5,6-hydrated at equilibrium in dilute 
aqueous solution of any pH value. They were able to 
isolate 7-chloro-5,6-dihydro-5-hydroxy-5-trifluoro-
methylpyrimidotriazine (I-44) by freeze drying an 
aqueous solution of 7-chloro-5-trifluoromethyl-
pyrimidotriazine (I-43). The corresponding 
4-trifluoromethylpteridines formed 3,4-hydrates 
but were considerably less strongly hydrated at 
equilibrium thus demonstrating again the ability 
of additional doubly bonded ring nitrogen atoms 
to promote covalent hydration of heterocycles 
(Clark and Yates, 1971b). 
Another covalent hydrate was shown to exist 
by Brown and Sugimoto (1971) but was too unstable 
for isolation. The 1H n.m.r. spectrum of 
3 ,7-dimethylpyrimidotriazine (I-45) was determined 
in deuterium oxide and a shift observed in the 
5-proton signal in CDC1 3 , from 0.2 to 3.87 T, thus 
confirming the site of hydration (I-46). 
Some other nucleophilic reagents also formed 
5,6-adducts with pyrimidotriazines and were easily 
oxidized in air. Stirring 5-unsubstituted or 
5-alkylpyrimidotriazines or their 1,2-dihydro 
derivatives in tetrahydrofuran with alkylamines 
12a 
H OMe 
Me6)(? 
'-N N!J Meox::NH '-N N) 
(I-40) (I-41) 
l 
H OMe ·OMe Meort+ 
'-N '-NJ 
Me6l(l 
.,N N:2J 
(I-41a) (I-42) 
CF 3 
ro~Cl 
(I-43) (l-44) 
MeoN~N 
N )IMe 
'-N N~ 
MeroNi.:H OD ND 
N )Me 
"-N N 
(I-45) (I-46) 
resulted in the formation of the fully aromatic 
5-alkylamino analogues (Brown and Sugimoto, 1971). 
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For example, 3-methyl-5-propylpyrimidotriazine (I-47) 
in .tetrahydrofuran was stirred in air with propylamine 
for 20 hours. The ultraviolet spectrum upon mixing 
with propylamine immediately changed to one resembling 
that of another 5,6-dihydro derivative (I-41) suggest-
ing that the reaction proceeded via a 5,6-adduct 
(I-48); thereafter the spectrum gradually changed 
during aerial oxidation to that of the product (I-49). 
Through a similar mechanism, ammonia and alkylamines 
have been shown to add to 5-unsubstituted-pyrimido-
triazines followed by oxidation to give the 5-amino 
analogues (~rown and Sugimoto, 1971). Displacement 
of an alkyl group by an amine had a somewhat similar 
precedent in the pteridines using water as the 
nucleophilic reagent. 4-Methylpteridin-2-one as the 
3,4-hydrate (I-50) was oxidized with permanganate to 
pteridine-2,~dione (I-51) (Jacobsen, 1966). 
Methylmercaptan was also used as a nucleophilic 
reagent in the formation of 5,6-adducts (I-53). 
Freshly prepared 7-methoxypyrimidotriazine (I-52) was 
stirred with methylmercaptan then oxidized with silver 
oxide to give 7-methoxy-5-methylthiopyrimidotriazine 
(I-54) (Brown and Sugimoto, 1970b). 
No covalent adducts at the 3- or ?-position have 
been reported. 7,8-Dihydropteridines undergo 
5,6-addition to give tetrahydro derivatives 
(I-47) 
N~HO Me 0 NH 
~N N,10 
H 
(I-50) 
(I-52) 
(I-48) 
(I-53) 
f N\j N ~< ----?> 
~--- N ,,,( \-2J 
H 
(I-55a) 
13a 
(I-49) 
(I-51) 
(I-54) 
(N\JN 
+~'-N,,,(\-}j 
H 
(I-55b) 
14 
(Elderfield and Mehta, 1967) although no evidence has 
been obtained to support an analogous addition to the 
1,2-dihydropyrimidotriazines. Possibly the 3,4-bond 
of 1,2-dihydropyrimidotriazine was stabilized by 
resonance,(I-55a) <-> (I-55b), whereas similar 
stabilization was impossible in the J,8-dihydropter-
idines. However, addition of water to the 3,4-bond 
very likely occurred in the ring opening of 
1,2-dihydropyrimidotriazines under acidic conditions 
(see under ring cleavage). 
C. Nucleophilic Displacement 
The pyrimidotriazines like other n-deficient 
~-heteroaromatics (Albert, 1968) were susceptible to 
nucleophilic attack rather than the electrophilic 
attack usually associated with aromatic systems. 
This arose from a marked localization of n-electrons 
brought about by the doubly bonded electron-
withdrawing nitrogen atoms. Chloro-, alkoxy-, and alkyl-
thio-pteridines underwent nucleophilic displace-
ment with extreme ease (Brown, England, and Lyall, 
1966; Barlin and Brown, 1969) and it was not 
surprising to find that the carbon atoms of pyrimido-
triazines (which contain an additional electron 
withdrawing component) also provided inviting sites 
for attack by nucleophiles. For example, 5-methoxy-
3-methylpyrimidotriazine (I-56) was attacked by a 
variety of nucleophiles (OH-, NH 3 , NHMe 2 , NHEt2 , SMe-) 
under mild conditions (Brown and Sugimoto, 1970a) to 
OMe 
M•KJAi 
'-N )J 
(I-56) 
OMe 
R6MOMe 
......,_ N N 
(I-58) 
(I-60, R==H) 
(I-61) 
14a 
R 
Me6)t) 
'-N N ~ 
(I-57) 
(R==OH, NH 2, NMe 2, 
NEt 2 , or SMe) 
R2 
R6MOMe 
........_ N N 
( 2 -I-59, R -OH 
(I-62a, R=N 2H3 ) 
(I-62b, R==NHCH 2Ph) 
or NH 2) 
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give the 5-oxo-, 5-amino-or 5-methylthio analogues 
(I-57), respectively. That the 5- is more reactive 
than the 7-position was demonstrated when using a 
5 , 7-dimethoxypyrimidotriazine (I-58) as the substrate 
under mild conditions to give 5-oxo- qr 5-amino-7-
methoxypyrimidotriazine (I-59) with hydroxide or 
ammonia, respectively (Brown and Sugimoto, 1970b, 
1971). The orientation of the product was confirmed 
by similar treatment of 7~methoxy-5-methylthiopyrim-
idotriazine (I-60). The same workers also demonstr-
ated that, under more vigorous conditions, acidic 
hydrolysis would provide the 5,7-dioxo analogue. 
Temple, Kussner, and Montgomery (1969) showed that 
the 5-benzylthiopyrimidotriazines were excellent 
substrates for a variety of nucleophiles [ammonia, 
hydroxylamine, guanidine, hydroxide, sodium hydrogen 
sulphide, and (diphenylmethyl)amine] giving the 
corresponding 5-substituted analogues. 
5-Amino and 5-thio substituents may also be 
displaced under acidic or alkaline conditions. 
5-Amino-7-methoxypyrimidotriazine (I-63) with sodium 
hydroxide gave (I-64) while with 10% formic acid both 
the 5- and ?-positions were attacked to give the 
dione (I-65). Under harsh conditions (sodium 
dithionite, formic acid, 185°) 6,8-dimethylpyrimido-
triazin-7-one-5-thione (I-66) was converted into the 
corresponding 5,7-dioxo derivative (I-67) (Yoneda, 
Sakuma, Ueno, and Nishigaki, 1973). 
1 5a 
(I-63) (I-64) 
(I-65) 
Me 
(I-66) ( I -6 7) 
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Exchange amination in the pyrimidines, purines, 
and pteridines has been investigated (Whitehead and 
Traverso, 1960; Taylor, 1952) and a mechanism 
involving ring opening was proposed by Taylor. 
5-Amino-3-ethylpyrimidotriazine (I-61) underwent 
exchange amination in hot methanolic hydrazine or hot 
propanolic benzylamine to give 5-hydrazino- (I-62a, 
74 %) and 5-benzylamino-3-ethylpyrimidotriazines, 
respectively (Temple and Montgomery, 1963). However, 
the 3-unsubstituted analogue gave only poor yields 
under similar conditions with et~ylamine and 
hydrazine; under more vigorous conditions it gave the 
as-triazine-5-carboxamidines (see under ring 
cleavage). Successful exchange amination was 
obtained at lower temperatures using hydrochloric 
a cid as a catalyst (Temple, Kussner, and Montgomery, 
1969) • 
The 5- and 7-chloro-1,2-dihydropyrimidqtriazines 
have been used extensively in metathesis due to the 
ease of displacement of the chloro substituents. 
5-Chloro-1,2-dihydropyrimidotriazine (I-68a) and its 
3-methoxymethyl analogue (I-68b) with ethanolic 
sodium hydrogen sulphide gave 1,2-dihydropyrimido-
triazine-5-thione (I-69a) and its analogue (I-69b), 
respectively; 
a 13 % yield. 
whereas the use of thiourea gave only 
Treatment of 5-benzylthio- or 5-methyl-
thio-1,2-dihydropyrimidotriazine with ethanolic 
sodium hydrogen sulphide also gave the thioxo analogue 
(I-69a) (Temple, Kussner,and Montgomery, 1969, 1971a). 
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Under non-reducing conditions aromatic 
pyrimidotriazines were obtained rather than 
1,2-dihydro products. For example, Brown and 
Sugimoto (1970a) showed that 5-chloro-1,2-dihydropyr-
imidotriazine (I-68a) in methanol with silver oxide 
gave 5-methoxypyrimidotriazine (I-70a) and later 
Temple, Kussner, and Montgomery (1971a) carried out 
similar reactions (I-68b + I-70b, I-68c + I-70c). 
The reaction probably involved conversion into the 
aromatic 5-chloropyrimidotriazine, in which the 
reactivity of the chloro substituentwasincreased by 
the increased electron-withdrawing ability of the 
heteroaromatic as-triazine ring, followed by replace-
ment of the chloro substituent to give the methoxy 
derivative (I-70a). 
Other 5-chloro-1,2-dihydropyrimidotriazines have 
been converted in high yield into their aromatic 
5-amino analogues (I-7la-d) with sodium azide. The 
mechanism of this reaction was uncertain but possibly 
proceeded via oxidation of (I-68) by the azide group 
to the aromatic system and ammonia which then 
combined to give (I-71) (Temple, Kussner, and 
Montgomery, 1969a, 1971a). Brown and Sugimoto (1971) 
have used 7-chloro-1,2-dihydropyrimidotriazine (I-72) 
with a variety of nucleophiles to obtain 5,7-disubst-
ituted-pyrimidotriazines. Thus the substrate (I-72), 
stirred in air with sodium hydroxide, gave 
pyrimidotriazine-5,7-dione (I-73a). The mechanism 
probably involved aerial oxidation, thus further 
(I-68) a. 
b. R=CH 20Me 
c. R=CH 2Cl 
d. R=CH 2co 2Et 
(I-70) a. R=H 
b. R=CH 20Me 
c. R=CH 2Cl 
f'N:LON 
N ) \Cl 
H '-.. N N :;'./ 
H 
I-72) 
(I-74) 
17a 
s 
R r N ~NH 
~ '-)1, N) 
H 
(I-69a,b) 
(I-71) a. R=H 
b. R=CH 20Me 
c. R=CH 2N3 
d. R=C0 2 Et 
Rl 
r(\'!'A NQAQ]R2 
(I-73) a. R1=R2=0H 
b. R1=R 2=NH 2 
c. R1=0H, 
R2=BuNH 
d. R 1=0H, R2=Me 2N 
(I-75) a. R=Cl 
b. R= NHNH 2 
c. R=OMe 
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activating the 5- and 7-positions followed by 
replacement of the chloro substituent with hydroxide 
and, finally, the formation and oxidation o f a 
covalent 5,6-adduct (I-74). The same workers used 
ammonia to obtain the diamino derivative (I-73b) but 
butylamine and dimethylamine gave mainly the 
7-alkylaminopyrimidotriazin-5-ones, (I-73c) and 
(I-73d), respectively, with smaller amounts of the 
bis-alkylamino derivatives. The chloro compound 
(I-72) in methanol with silver oxide gave the 
dimethoxy analogue via a similar mechanism. 
The only known 3-chloro derivative (I-75a) 
underwent nucleophilic displacement with hydrazine or 
methoxide to give the corresponding 3-hydrazino- and 
3-methoxy-pyrimidotriazines (I-75b, I-75c) (Taylor 
and Sowinski, 1968, 1969). 
D. Alkylation 
Alkylation of oxo- and thioxo-pyrimidotriazines 
proceeded in a manner similar to the pyrimidines 
(Brown, 1962) and purines (Lister, 1971). With oxo 
compounds and methyl iodide the N-methyl-oxo 
derivative was obtained whereas with thioxo compounds, 
the §-alkyl derivative resulted. 5,7-Dioxopyrimido-
triazine (I-76) in dimethylformamide with methyl 
iodide gave the 6,8-dimethyl derivative (I-77) 
(Temple, Kussner, and Montgomery, 1969a) and 
similarly the dimethyl compound (I-78) gave the 
trimethyl derivative (I-79) (Taylor and Sowinski, 
1969). However, diazomethane and the trione (I-78) 
(I-76) 
(I-78) 
ROH D.E.A.D. 
(I-80) 
D. M. F. 
(I-82) 
18a 
(I-77) 
(I-79) 
(I-81) 
0 Pho~NMe 
'-/l, N), O 
Rl 
(I-83) a. R1=H 
b. R1=Me 
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gave mixtures of the 2-methyl, 4-methyl and 3-Q-methyl 
isomers i n poor yield. 
6-Methyl-3-phenylpyrimidotriazine-5,7-dione (I-80) 
was alkylated in the presence of diethyl azodicarbox
-
ylate and triphenylphosphine with a variety of 
alcohols to give the 8-alkyl analogues (I-81) (Yoneda 
and Nagamatsu, 1973). Previously, phthalimide and 
succinimide had been alkylated similarly by 
Mitsunobu, Wada, and Sano (1972). 
Toxoflavin derivatives (I-82) were dealkylated in 
refluxing dimethylformamide. For example, 
l ,6-dimethyl-3-phenylpyrimidotriazine-5,7-dione 
(I-82, R=Ph) was refluxed for t h irty minutes in 
d i methylformamide to give the 1-demethyl analogue 
(I-83a) in 93 % yield. Yields for other toxoflavin 
derivatives were equally good (Yoneda and Nagamatsu, 
1 973). When methyl iodide and potassium carbonate 
were added to the above reaction mixtures, the 
l-demethyl-8-methylated derivatives (I-83b) resulted 
in 35 % to 66 % yield. 
1,2-Dihydropyrimidotriazine-5-thione with benzyl 
chloride, chloroacetonitrile, or methyl iodide gave 
5-benzylthio-, 5-cyanomethylthio-, or 5-methylthio-
1,2-dihydropyrimidotriazine, respectively (Temple, 
Kussner, and Montgomery, 1969). The 1-methyl- and 
3-methoxymethyl-S-benzylthio analogues were also 
pr epared (Temple, Kussner,and Montgomery, 1971a, 
1971b). 5-Aminopyrimidotriazine and benzyl chloride 
yielded the 5-benzylamino derivative (Temple, 
Kussner, and Montgomery, 1969a). 
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E. Oxidation 
Most pyrimidotriazines resulted from cyclization 
of 5-amino-4-hydrazinopyrimidines to give 1,2-dihydro 
intermediates (see under syntheses) which must be 
oxidized to obtain the aromatic compounds. Solutions 
of the 1,2-dihydro intermediates were frequently 
oxidized by air and thus seldom isolated. The 
5-amino-3-methyl(or ethyl)-1 ,2-dihydropyrimido-
triazines (I-84a, I-84b) gave the aromatic products 
(I-85a, I-85b) upon stirring in phosphate buffer 
(Temple and Montgomery, 1963). Other dihydropyrim-
idotriazines required stronger oxidizing agents. 
1,2-Dihydro-3-methylpyrimidotriazine (I-86) in 
methanol with silver oxide yielded the aromatic 
5-methoxy-3-methylpyrimidotriazine (I-87) (Biffin 
and Brown, 1968; Biffin, Brown, and Sugimoto, 1970). 
Diethyl azodicarboxylate oxidized 1,2-dihydro-
pyrimidotriazine-5-thione to the aromatic derivative 
(Temple, Kussner, and Montgomery, 1969, 1971a). 
Bromine in methanol oxidized 5-chloro-1,2-dihydro-
pyrimidotriazine but the hydrogen bromide produced 
caused ring opening to give an as-triazine (Temple, 
Kussner, and Montgomery, 1971a) (see under ring 
cleavage). After several unsuccessful attempts with 
other reagents Clark and Yates (1971a) oxidized 
7-chloro-1,2-dihydro-5-trifluoromethylpyrimido-
triazine with 1-chlorobenzotriazole. This reagent 
had been used previously in the oxidation of 
dimethyl hydrazodicarboxylate(Rees and Storr, 1969). 
NH 2 R(N"r(Y 
H'-NA\!J 
H 
(I-84) a. R=Me 
b. R=Et 
Me(N16N 
H'-NA\-dJ 
H 
(I-86) 
0~~0NMe 
~'-NAN-10 
H Me 
(I-88) 
air 
MeOH 
20a 
(I-85) a. R=Me 
b. R=Et 
(I-87) 
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Taylor and Sowinski (1969) used 2,3-dichloro-
5,6-dicyano-l,4-benzoquinone to oxid ize l ,4-dihydro-
6,8-dimethylpyrimidotriazine-3,5,7-trione (I-88) to 
the aromatic derivative. Hydra~ino groups have been 
oxidized with mercuri c oxide (Taylor and Sowinski, 
1968) and oxidation with hydrogen peroxide in 
trifluoroacetic acid gave 1-~-oxides (Blankenhorn and 
Pfleiderer, 1972). 
F. Reduction 
7-Amino-5-benzylthiopyrimidotriazine was reduced 
in hot aqueous sodium hydrogen sulphide to 7-amino-
1,2-dihydropyrimidotriazine-5-thione (Temple, 
Kussner, and Montgomery, 1971b). Similarly 
5-methylthiopyrimidotriazine gave 1,2-dihydropyrim-
idotriazine-5-thione. Sodium dithionite and 
thiophenol have been used in the reduction of 
tl-oxides (Yoneda and Sakuma, 1973; Yoneda, Shinomura, 
and Nishigaki, 1971). 
G. Transetherification 
Transetherification, the replacement of one 
alkoxy or aryloxy group by another, has been recorded 
in a variety of aliphatic, carbocyclic, and hetero-
cyclic series (Meerwein, 1965). In most cases the 
ether group was activated toward nucleophilic 
displacement by other electron-withdrawing groups. 
The usual reagent was sodium alkoxide in the corres-
ponding alcohol (Armarego, 1967) and occasionally 
solutions of acids or heavy metal salts (mercuric 
salts) served as catalysts (Meerwein, 1965). 
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Brown and Sugimoto (1970b) found silver oxide to 
be an excellent transetherification reagent in the 
pyrimidotriazine series as well as in pteridines and 
in activated pyrimidines and pyridines. Silver 
acetate was found useful in some cases but no 
transetherification occurred when mercuric oxide was 
used. 5-Methoxy-3-methylpyrimidotria?ine (I-89) was 
converted quickly into its alkoxy homologues (I-90) 
in refluxing ethanol or propanol. Isopropanol 
required longer refluxing and t-butyl alcohol did not 
react. The same workers showed that 5,7-dialkoxy-
pyrimidotriazines underwent transetherification in 
both the 5- and 7-positions under conditions similar 
to those above. 
H. Rearrangement 
Dihydropyrimidotriazines sometimes rearranged in 
acidic media to 9-aminopurines. Temple, McKee, and 
Montgomery (1963), observed that, in formic acid 
solution, 5-chloro-1,2-dihydropyrimidotriazine (I-91a) 
yielded 9-formamidopurin-6-one (I-9ld). They were 
able to detect the intermediate (I-91b) and proposed 
that the chloro substituent of intermediate (I-91c) 
was hydrolyzed to give (I-91d). In a similar 
manner, 7-cnloro-1,2-dihydropyrimidotriazine gave 
9-formamidopurin-2-one (Brown and Sugimoto, 1971). 
Pyrimidotriazin-5-one (I-92) with sodium dithionite 
and acetic acid gave 9-aminopurin-6-one, presumably 
via the 1,2-dihydro intermediate which ring-opened 
in the acidic medium and finally recyclized to the 
OMe Me6X} ROH 
'-N NJJ Ag 20 
(J-89) 
(I-9la) 
Cl 
<M HfiHN N 
O (I-9lc) 
(I-92) 
22a 
OR 
Me6)(/ 
'-N N 2J 
(I-90, R=Et, Pr 
i-Pr) 
0 Cl 
II~ 
HCHN N 
HCHNHN O 1 
II N/ 
0 
(I-9lb) 
0 
<X::r HCHN 1, 
0 {I-9ld) 
(0NH NJlN) 
NH 2 
(I-93) 
or 
s 
r-N~NH 
~'-N}__N) 
H 
(I-94) 
0 
II NHNHCCF 3 
<lJ 
(I-95) 
(I-96) 
(I-98) a. X=O 
b. X=S 
22b 
(I-94a) 
PO Cl 3 
(I-97) 
23 
purine (I-93) (Temple, Kussner, and Montgomery, 1969a). 
1,2-Dihydropyrimidotriazine-5-thione (I-94) was 
stirred at room temperature in trifluoroacetic acid 
to give the thiazolo[5,4-g ] pyrimidine (I-9 5) (Temple, 
Kussner, and Montgomery, 1969). 
I. Chlorination and Thiation 
The only known 3-chloropyrimidotriazine (I-97) 
was prepared by chlorination of the trione (I-96) in 
phosphoryl chloride (Taylor and Sowinski, 1968). 
Several 5-thioxopyrimidotriazines (I-98b) have been 
prepared from the 5-oxo analogues (I-98a) by 
thiation with phosphorus pentasulphide in pyridine 
{Yoneda, Sakuma, Ueno, and Nishigaki, 1973). 
5. Primary Synthesis 
Cyclization of substituted pyrimidines provided 
a versatile route into the pyrimidotriazine ring 
system. 4-Hydrazino-5-nitro- and 5-amino-4-hydraz-
ino-pyrimidines were by far the most convenient 
precursors whereas 5-amino-4-chloropyrimidines and 
5-nitrosopyrimidines provided less general routes. 
Two p+eparations from triazines were used as well as 
a few syntheses from pyrimidine-containing bicyclic 
~ystems. 
A. From 4-hydrazino-5-nitropyrimidines 
4-Hydrazino-5-nitropyrimidines (I-99) in combin-
ation with orthoesters (I-100) provided an excellent 
route into the pyrimidotriazine ring system. Each 
~ydrazinopyrimidine was refluxed briefly with the 
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orthoester to give an ethoxyalkylidenehydrazino 
intermediate (I-101) which was then hydrogenated to 
the 5-amino analogue (I-102, usually not isolated) 
and finally cyclized to a 1,2-dihydropyrimidotriazine 
(I-103). In this way many 1,2-dihydropyrimido-
triazines have been prepared with various substituents 
in the 3-, 5- or 7-position. The 5- and 7-
substituents were introduced by prior substitution in 
the pyrimidine ring while the 3-substituent depended 
upon the cyclizing reagent used. Triethyl ortho-
formate (I-100, R1=H) and triethyl orthoacetate 
(I-100, R1=Me) produced 3-unsubstituted and 3-methyl 
derivatives, respectively (Biffin and Brown, 1968; 
Biffin, Brown, and Sugimoto, 1970; Brown and 
Sugimoto, 1970b, 1970a). The use of triethyl ortho-
propionate (I-100, R1=Et) and triethyl orthobenzoate 
(I-100, R1=phenyl) introduced ethyl and phenyl 
substituents, respectively (Brown and Kershaw, 1972). 
The dihydro intermediate (I-103) was oxidized with 
silver oxide in tetrahydrofuran or alcohols to the 
aromatic derivatives (I-104) (Biffin and Brown, 1968; 
Biffin, Brown, and Sugimoto, 1970). When a 
5-unsubstituted dihydropyrimidotriazine (I-103, R2=H) 
was oxidized with silver oxide in an alcohol the 
corresponding 5-alkoxy analogue resulted (I-104, 
R2=OR) (see under covalent 5,6-adducts). This 
alkoxylation during oxidation provided another method 
for the introduction of 5-alkoxy substituents. In 
some cases the intermediate (I-101) cyclized to the 
24a 
(I-99) (I-100) (I-101) 
(I-102) (I-103) 
(I-104) 
(I-105) 
R2 
Rl(N)wN 
N ) I R3 
H'---N N~ 
H 
{I-106) (I-107) 
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corresponding l,2,3a,5-tetraazainqene (I-105) 
(Biffin, Brown, and Sugimoto, 1970; Brown and 
Sugimoto, 1970a). The 2,3-dihydrotetraazaindenes 
have also been isolated (Brown and Kershaw, 1972). 
4-(2-Formylhydrazino)- and 4-(2-acetylhydrazino)-
5-nitropyrimidine (I-106, R1=H or Me) underwent _ 
catalytic hydrogenation to the amino analogues 
followed by cyclization to dihydropyrimidotriazines 
(I-107, R1=H or Me). For example, 4-(2-acetyl-
hydrazino)-2-chloro-5-nitro-6-propylpyrimidine 
(I-106, R1=Me, R2=Pr, R3=cl) was hydrogenated over 
palladium and the intermediate 5-amino analogue 
cyclized in methanolic hydrochloric acid to give 
the product (I-107, R1=Me, R2=Pr, R3=Cl) as the 
hydrochloride (Brown and Sugimoto, 1972). Other 
examples are known (Clark and Yates, 1971a; Biffin, 
Brown, and Sugimoto, 1970). 
B. From 5-amino-4-hydrazinopyrimidines 
5-Amino-4-hydrazinopyrimidines (I-108) were 
conveniently converted into 1,2-dihydropyrimido-
triazines with orthoesters. Unlike their 5-nitro 
analogues (I-99) there were no intermediates to 
isolate and hydrogenate thus making preparation from 
the 5-amino analogues more convenient. However, the 
possibilities exist for the formation of isomeric 
9-aminopurines (I-110) (Temple, McKee, and Montgomery, 
1963; Temple, Kussner, and Montgomery, 1969; Biffin, 
Brown,and Sugimoto,1970) or l,2,3a,5-tetraazaindenes. 
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Triethyl orthoformate, triethyl ortho(methoxyacetate), 
triethyl ortho(chloroacetate) and triethyl 
ortho(ethoxycarbonylacetate) have been used in 
conjunction with hydrochloric acid as the cyclizing 
reagent (Temple, Kussner, Montgomery, 1971a; Clark 
and Yates, 1971a) although in some cases no acidic 
catalyst was required (Biffin, Brown,and Sugimoto, 
1970; Brown and Sugimoto, 1971). For example, 
5-amino-4-chloro-6-hydrazinopyrimidine (I-108, R2=Cl, 
R3~H) in ethyl ortho(methoxyacetate) with 12~ 
hydrochloric acid at room temperature gave 5-chloro-
1,2-dihydro-3-methoxymethylpyrimidotriazine (I-109, 
R1=cH2OMe, R
2
=Cl, R3=H) (Temple, Kussner, and 
Montgomery, 1971a). Under similar conditions 
4-chloro-6-hydrazino-5-methylaminopyrimidine with 
triethyl orthoformate gave 5-chloro-1 , 2-dihydro-4-
methylpyrimidotriazine (Temple, McKee, and 
Montgomery, 1963). 
5-Amino-4-(2-acylhydrazino)pyrimidines have been 
cyclized under acidic conditions to 1,2-dihydro-
pyrimidotriazines (Temple, McKee, and Montgomery, 
1963; Polya and Shanks, 1964). Polya and Shanks 
also cyclized 5-amino-4-(2-methoxycarbonylhydrazino)-
6-methyl-pyrimidine (I-111) to l,2-dihydro-5-methyl-
pyrimidotriazin-3~one (I-109, R1=OH, R2=Me, R3=H) 
under alkaline conditions. 
5-Amino-4-(1-alkylhydrazino)pyrimidines (I-112) 
have been cyclized with formic acid (Montgomery and 
(I-108) (I-109) 
~ R2 I Me 
<;~R3 
2 
H2N~N 
MeOCHNHN )I 
II N~ 
0 
(I-110) (I-111) 
HCOOH 
(I-113) 
(I-114) 
(I-115) (I-116) 
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Temple, 1960) and with phosgene (Krackov and 
Christensen, 1963) to the 1,2-dihydropyrimido-
triazines (I-113) and (I-114), respectively. 
Recently an imino ether was used in the cycliz-
ation of an amino-hydrazinopyrimidine (I-115) and the 
product (I-116) was hydrolyzed to 7-azafolic acid 
(Temple, Kussner, and Montgomery, 1971 and 1973). 
C. From 5-amino-4-chloropyrimidines 
The 5-amino-4-chloropyrimidines (I-117) have been 
formylated and acetylated to give 5-acylaminopyrimid-
ines which were then cyclized with hydrazine or 
methylhydrazine to the pyrimidotriazine or the 
1-methyl derivative (I-119), respectively, via a 
1,2-dihydro intermediate. For example, the 
5-formamido-4-chloropyrimidine (I-118, R1=R3=H, 
R2=Me) was treated with methylhydrazine in refluxing 
ethanol to give toxoflavin (I-119, R1=H, R2=Me) in 
28% yield (Daves, Robins, and Cheng, 1961a, 1962). 
Under similar conditions, the 5-acetamidopyrimidines 
yielded 3-methylpyrimidotriazines (Daves, Robins, and 
Cheng, 1962; Yuen, Cheng, and Cheng, 1968). Taylor 
and Sowinski (1969) cyclized related pyrimidines to 
pyrimidotriazin-3-ones although during the cycliz-
ation of the pyrimidine (I-120) a rearrangement took 
place to give a 1-methylated 1,2-dihydropyrimido-
triazine (I-121) rather than the expected 2-methylated 
isomer. The structure was confirmed by treatment of 
the urethan (I-122) with methylhydrazine to give the 
same product (I-121). 
27a 
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5-Amino-4-chloropyrimidines with orthoesters or 
diethoxymethylacetate gave the 5-ethoxyalkylidene-
aminopyrimidines (I-123) which were cyclized in low 
yield with hydrazine to the corresponding pyrimido-
triazines (Temple and Montgomery, 1963; Temple, 
McKee, and Montgomery, 1963). 
D. From 5-nitrosopyrimidines 
Pfleiderer and Schiindehiitte (1958) used a 
5-nitrosopyrimidine in the first recorded synthesis 
of a pyrimidotriazine. By reductive cyclization of 
6-formylhydrazino-l,3-dimethyl-5-nitrosopyrimidine-
2,4-dione (I-124) with sodium dithionite in the 
presence of formic acid and formamide they prepared 
fervenulin (I-125). Later, Blankenhorn and 
Pfleiderer (1969, 1972) altered the synthesis to 
provide several 3-substituted fervenu l ins. In a 
typical synthesis 4-hydrazino-1,3-dimethyluracil 
(I-126) was converted into a hydrazone (I-127, R2=H) 
with benzaldehyde, then nitrosated (I-127, R2=NO), 
and finally cyclized under acidic conditions to 
3-phenylfervenulin (I-128). 
In a related synthesis, 4-amino-1,3-dimethyl-
5-nitrosouracil (I-129) was allowed to react with formald-
e h yde hydrazone to give fervenulin in 30 % yield; the 
4-amino group was displaced by the hydrazone. The 
same starting material (I-129) with various 
aldehydes and hydrazine in situ gave the correspond-
ing 3-substituted fervenulins (Yoneda, Kanahori, 
Ogiwara, and Nishigaki, 1970). 
0 
O ON~NMe 
H~HNHNl N ,l O 
Me 
(I-124) 
(I-126) 
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As might be expected synthesis via a 5-nitroso-
pyrimidine occasionally led to a pyrimidotriazine-4-
~-oxide. In the synthesis of toxoflavin v i a a 
5-nitroso-4-hydrazone a mixture was produced contain-
ing toxoflavin (40%) and toxoflavin-4-N-oxide (25%) 
(Yoneda, Shinomura, and Nishigaki, 1971). When this 
reaction was performed in the presence of diethyl 
azodicarboxylate the intermediate hydroxylamine 
(I-130) underwent dehydrogenation (I-131) rather than 
dehydration (I-132) to yield exclusively the 
toxoflavin-4-~-oxide (I-131) (Yoneda, Nishigaki, and 
Shinomura, 1971). Recently, Yoneda and Sakuma (1973) 
prepared fervenulin-4-~-oxides via 5-nitro rather 
than 5-nitroso derivatives. 6-Hydrazino-1,3-dimethyl-
uracil, an aldehyde hydrazone, and potassium nitrate 
were stirred in acetic and sulphuric acid to give 
70 to 85% yield of the fervenulin-4-~-oxides. 
was related to the Wohl-Aue synthesis of 
This 
benzo[e]phenazine-12-oxide (Pachter and Kloetzel, 
1951) and pyrimidopteridine-10-oxide formation 
(Maki, Sako, and Taylor, 1971). 
E. From pyrimidines and diethyl azodicarboxylate 
Taylor and Sowinski (1968, 1969) developed a 
route into pyrimido[S,4-~]-as-triazines or the 
isomeric pyrimido[4,5-~]-as-triazines using diethyl 
azodicarboxylate. 6-Hydrazino-1,3-dimethyluracil 
(I-133, R=NHNH 2 ) with diethyl azodicarboxylate gave 
the 5-di(ethoxycarbonyl)hydrazinopyrimidine (I-134, 
R=NHNH2 ) which, under alkaline conditions, cyclized 
29a 
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to 5,7-dimethylpyrimido[S,4-§]-as-triazine-3,5,7-
trione (I-135). When 6-amino-1,3-dimethyluracil 
(I-133, R=NH2 ) was treated similarly the isomeric 
pyrimido[4,5-e]-as-triazine resulted (I-136). 
- -
F. From triazines 
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Suitable as-triazines for preparation of 
pyrimido[4,5-~]-as-triazines are easily accessible 
and have been successfully cyclized by Taylor and 
Martin (1970). However, the only as-triazine (I-138) 
which has been cyclized to a pyrimido[S,4-§]-as-
triazine was itself prepared by ring cleavage of 
pyrimido[S,4-~]-as-triazin-5-one (I-137; see under 
ring cleavage). 6-Amino-as-triazine-5-carboxamide 
(I-138) with diethoxymethyl acetate or 6-formamido-
as-triazine-5-carboxamide with potassium carbonate in 
dimethylformamide gave pyrimidotriazin-5-one (I-137). 
The amide (I-138) with pyridine and phosgene gave a 
37% yield of pyrimidotriazin-5,7-dione (I-139) (Temple, 
Kus~ner, and Montgomery, 1968, 1969a). 
G. From other heterocycles 
Occasionally pyrimidotriazines resulted from 
rearrangement or from degradation of other bicyclic 
systems. The yields from such reactions were gener-
ally good but the scope was limited. 9-Formamido-6-
methylpurine (I-140) or 9-(4-aminobenzal)amino-6-
methylpurine (I-141) were cleaved and recyclized 
under acidic conditions to give 1,2-dihydro-5-methyl-
pyrimidotriazines (I-142) (Taylor, Barton, and 
Paudler, 1961) . Krackov and Christensen (1963) in an 
(I-137) 
0 6~NH N,NRN10 
H 
{I-139) 
(I-141) 
(I-143) 
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attempt to prepare 5-chloro-1,2-dihydropyrimidotriazin 
-3-one (I-145) by cyclization of 5-arnino-4-chloro-6-
hydrazinopyrimidine (I-143) with phosgene obtained, 
instead, 9-aminopurin-8-one (I-144). However, in 
ethanolic hydrogen chloride this product (I-144) re-
arranged to give the desired pyrimidotriazine (I-145). 
7-Chlorothiazolo [S,4-g]pyrimidine (I-146) and 
hydrazine gave 5-hydrazinopyrimidotriazine (I-147). 
Although the sequence of reactions was unknown, it 
likely involved replacement of both the chloro and 
sulphur atoms and the oxidation of a dihydro inter-
mediate (Temple, Kussner, and Montgomery, 1969). In 
a similar reaction 7-chlorothiazolo[S,4-g]pyrimidine 
(I-146) with methylhydrazine gave 1,2-dihydro-l-
methylpyrimidotriazine-5-thione (I-148). In the re-
action with hydrazine both the chloro and sulphur 
substituents were displaced but in the reaction with 
methylhydrazine under milder conditions the sul phur 
atom remained (Temple, Kussner , and Montgomery, 1971b). 
Catalytic reduction o f 7-acetylhydrazino-5-
phenyl f urazano[3,4-g]pyrimi d i ne (I-1 49) to t he 
diami n opyrimi d i ne ( I -150 ) f o llowed by ac i d catalyzed 
cyclization and final oxidatio n o f t he dihydro inter-
mediate (I- 151) gav e 5- a mino-3-methyl- 7- phenylpyrim-
i do triazine (I - 152). The 3- phenyl analogue was 
prepared similarly (Taylor, Martin, and Maki, 1973). 
(I-146) 
l 
rNy(NH 
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Me 
(l-148) 
(I-149) 
(I-151) 
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CHAPTER II 
RESULTS AND DISCUSSION 
1. 3-Alkoxypyrimido[S,4-~]-as-triazines 
A. Introduction 
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Most successful routes into pyrimidotriazines 
involved cyclization of a hydrazinopyrimidine (see 
Chapter I: primary synthesis). Usually a 5- or 7-
substituent was introduced ab initio by 2- or 6-
substitution in a 4-hydrazino-5-nitropyrimidine (II-2) 
prior to cyclization; alternatively, the 5-substituent 
was introduced by oxidation of a covalent 5,6-adduct 
of the pyrimidotriazine (see Chapter I). In contrast, 
a 3-substituent was introduced only as part of the 
reagent used to cyclize the intermediate pyrimidine. 
In this way ma~y 3-alkylpyrimidotriazines were 
prepared (see Chapter I: primary synthesis). However, 
at the outset of this work, only a few pyrimidotriaz-
ines bearing a functional group in the 3-position 
were known: 3-chloro-, 3-hydrazino-, 3-methoxy-, and 
3-oxo-fervenulin (Taylor and Sowinski, 1968, 1969); 
several 1,2-dihydropyrimidotriazin-3-ones (Krackov 
and Christensen, 1963; Polya and Shanks, 1964); and 
three pyrimidotriazin-3-ones of unconfirmed structure 
(Polya and Shanks, 1964; Bergmann, Levene, Neiman, and 
Brown, 1970). Thus the initial goal of this project 
was to synthesize several analogues bearing a 
functional group in the 3-position. 
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B. 3,5-Dialkoxypyrimidotriazines 
Because of the outstanding success of orthoesters 
compared with other reagents (see Chapter I I , 5) for 
the cyclization of hydrazinopyrimidines, a reagent 
was sought with structural s i milarities to triethyl 
orthoacetate (II-1, R=Me) but containing a functional 
substituent such as chloro or methoxy instead of the 
methyl group. Once cyclized, the labile substituent 
could be hydrolyzed to give a pyrimidotriazin-3-one 
or aminolyzed to give a 3-amino analogue. Chloro-
triethoxymethane is unknown but tetraalkoxymethanes 
were well documented (Tieckelmann and Post, 1948) 
although their possible use as cyclizing reagents had 
been little unexplored. 
4-Hydrazino-5-nitropyri midine (Biffin, Brown, and 
Porter, 1968) (II-2, R1=R2=H) condensed with tetraeth-
oxymethane at reflux temperature to give the expected 
4-(diethoxymethylene)hydrazino-5-nitropyrimidine 
(II-3, R1=R2=H). Reduction of this intermediate gave 
an unstable 5-amino analogue (II-4) which, upon 
attempted cyclization and oxidation, gave only 
decomposed materials. 
4-Hydrazino-6-methoxy-5-nitropyrimidine (II-2, 
R1=oMe, R2=H) (Biffin, Brown, and Lee, 1967) and 
refluxing tetraethoxymethane gave 4-(diethoxymethylene) 
-hydrazino-6-methoxy-5-nitropyrimidine (II-3, R1=0Me, 
R2=H) which on hydrogenation yielded the unstable 
5-amino analogue (II-4, R1=0Me, R2=H) [hydrogen uptake 
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(for N0 2 to NH 2 ) 
ceased after the theoretical volume of hydrogen was 
consumed, indicating that the C=N- of the side chain 
remained intact]. This unstable amine was not 
isolated but was cyclized immediately to the unstable 
1,2-dihydro intermediate (II-5) and finally oxidized 
in refluxing methanol with mercuric oxide to the 
fully aromatic 3-ethoxy-5-methoxypyrimidotriazine 
l_ 2_ (II-6, R -OMe, R -H). 
In a similar manner, 4-hydrazino-6-methoxy-2-
methyl-5-nitropyrimidine (II-2, R1=OMe, R2=Me) 
(Biffin, Brown, and Sugimoto, 1970) was treated with 
refluxing tetraethoxymethane to give the 
4-(diethoxymethylene)hydrazino analogue (II-3). 
Reductive cyclization followed by oxidation in 
refluxing methanol with mercuric oxide gave only tars 
but at 100° in a sealed tube 3-ethoxy-5-methoxy-7-
methylpyrimidotriazine (II-6, R1=OMe, R2=Me) was 
obtained. 4-Hydrazino-2,6-dimethyl-5-nitropyrimidine 
(II-2, R1=R2=Me) (Biffin, Brown, and Sugimoto, 1970) 
and 4-hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
(II-2, R1=Me, R2=oMe) (Brown and Sugimoto, 1970b) were 
both treated with tetraethoxymethane to give the 
4-(diethoxymethylene)hydrazino analogues (II-3, 
R1=R2=Me) and (II-3, R1=Me, R2=OMe), respectively. 
However, attempts to cyclize these intermediates under 
a variety of conditions were without success. 
Tetrapropoxymethane was used to prepare a 
3-propoxypyrimidotriazine. Stirring a mixture of 
Et 
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4-hydrazino-6-methoxy-5-nitropyrimidine (II-2, R1=oMe, 
R2=H) in tetrapropoxymethane at 150° gave the 
4-(dipropoxymethylene)hydrazino analogue (I I- 7) which 
underwent reductive cyclization followed by oxidation 
of the dihydro intermediate to give 5-methoxy-3-
propoxypyrimidotriazine (II-8). 
In another approach to the 3,5-dialkoxypyrimido-
triazines, 5-amino-4-chloro-6-hydrazinopyrimidine 
(II-9) (Montgomery and Temple, 1960) was allowed to 
react with tetraethoxymethane to give the 
4-(diethoxymethylene)hydrazino analogue (II-10). 
Comparison of the 1H n.m.r. spectra (Fig.II-1) of 
5-amino-4,6-dichloropyrimidine, 5-amino-4-chloro-6-
hydrazinopyrimidine, and the product (II-10) confirmed 
that the cyclizing reagent attacked the 4-hydrazino 
group and not the 5-amino substituent. In spectrum A, 
the g-NH2 signal of 5-amino-4,6-dichloropyrimidine 
had q chemical shift of approximately 86 and upon 
monohydrazinolysis the g-NH2 signal was shifted 
upfield as expected and at the same time there 
appeared a broad ~-NH 2 signal and another broad N-H. 
Finally, upon treatment with the cyclizing reagent, 
the broad ~-NH2 signal of the hydrazine group was 
lost while the sharp g-NH2 was retained, indicating 
that the 5-amino group was not involved. 
Attempts to cyclize intermediate (II-10) by 
refluxing in ethanol with an oxidizing agent or under 
fusion conditions led only to decomposed material. 
H2 
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Figure II-1. Comparison of the n.m.r. spectra, A, B, and C, suggests that 
tetraethoxymethane attacked 5-amino-4-chloro-6-hydrazino-
pyrimidine at the 4-hydrazino group rather than the 
5-amino substituent. 
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However, cyclization was effected in the presence of 
hydrochloric acid to give 5-chloro-3-ethoxy-1,2-
dihydropyrimidotriazine (II-11). That this compound 
was the pyrimidotriazine (II-11), and not the isomeric 
9-aminopurine (II-12), was confirmed by u . v. spectro-
scopy. The u.v. spectrum of the product (as the 
monoprotonated species) exhibited peaks at 223nm and 
343nm which was in agreement with the u.v. spectra of 
other 5-chloro-1,2-dihydropyrimidotriazines (Temple, 
McKee, and Montgomery, 1963), whereas monocations of 
9-substituted 6-chloropurines exhibited no peak above 
approximately 265nm (Montgomery and Temple, 1960). 
Attempts to convert 5-chloro-3-ethoxy-1,2-dihydro-
pyrimidotriazine into its 3,5-dialkoxy analogue with 
silver oxide in methanol gave only decomposed material 
although under similar conditions the 3-unsubstituted-, 
3-methoxymethyl-, and 3-chloromethyl- analogues gave 
the corresponding 5-methoxypyrimidotriazine (Brown 
and Sugimoto, 1971; Temple, Kussner, and Montgomery, 
1971a). 
C. 3,5,7-Trialkoxypyrimidotriazines 
The 3,5,7-trialkoxypyrimidotriazines were 
synthesized by two routes; one route provided 
identical alkoxy substituents at each carbon and the 
other route led to analogues bearing different alkoxy 
groups at the 3-, 5-, and ?-positions. Condensation 
of 5-amino-2-chloro-4-hydrazinopyrimidine (II-13) 
(Brown and Sugimoto, 1971) with tetraethoxymethane in 
the absence of other solvent 
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gave the bisdiethoxymethylene derivative (II-14). 
This ~ifficulty was overcome by performing the 
reaction in refluxing ethanol to give an 80 % yield of 
7-chloro-3-ethoxy-1,2-dihydropyrimidotria zine (II-15) 
without isolation of intermediates. The product was 
then converted into 3,5,7-triethoxypyrimidotriazine 
in refluxing ethanol with silver oxide. The mechanism 
of this reaction most likely involved oxidation of the 
1,2-dihydropyrimidotriazine to the aromatic system 
(II-17) thus further activating the 5- and 7-
positions toward nucleophilic attack. Subsequent 
ethanolys~s of the 7-position (II-18) followed by 
formation and oxidation of the covalent 5,6-adduct 
(II-19) gave the triethoxypyrimidotriazine (II-16), 
although the reaction sequence need not occur in the 
order stated. The same starting material, 7-chloro-
3-ethoxy-1,2-dihydropyrimidotriazine, and silver oxide 
in methanol gave the 3,5,7-trimethoxy homologue by a 
similar sequence plus an additional step involving 
transetherification at the 3-position. In a reaction 
similar to the two above, Brown and Sugimoto (1971) 
observed the formation of 5,7-dimethoxypyrimido-
triazine from 7-chloro-1,2-dihydropyrimidotriazine 
with silver oxide in methanol. Brown (1952) 
observed that 4-amino-2-chloro-5-nitropyrimidine was 
unstable in refluxing ethanol and later found this to 
be due to ethanolysis of the chloro substituent to 
give 4-amino-2-ethoxy-5-nitropyrimidine (personal 
communication). 
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Selective aminolysis and hydrolysis o f 
3,5,7-triethoxypyrimidotriazine led to products with 
ambiguous structures (see next section). To 
elucidate their structures, a pyrimidotriazine 
substituted with three differing alkoxy groups was 
sought. 2,4-Dichloro-5-nitropyrimidine (II-20) 
(Whittaker, 1951) was treated with sodium propoxide 
in propanol to give the dipropoxy analogue (II-21) 
which underwent monohydrazinolysis at room temperature 
to give 4-hydrazino-5-nitro-2-propoxypyrimidine 
(II-22, R=Pr). Condensation with tetraethoxymethane 
yielded the 4-(diethoxymethylene)hydrazino analogue 
(II-23, R=Pr). Reductive cyclization and oxidation 
in methanol with mercuric oxide gave 3-ethoxy-5-
methoxy-7-propoxypyrimidotriazine (II-26, R=Pr) 
presumably via a 5,6-dihydro-5-methoxy intermediate 
(II-25, R=Pr). 
In a similar series of reactions 4-hydrazino-
2-methoxy-5-nitropyrimidine (II-22, R=Me) (Brown and 
Sugimoto, 1970b) was converted into its 
4-(diethoxymethylene)hydrazino analogue (II-23, R=Me) 
and thence into 3-ethoxy-5,7-dimethoxypyrimidotriazine 
(II-26, R=Me). Reductive cyclization of the pyrimid-
ine (II-23, R=Me) followed by oxidation in ethanol 
with silver oxide in an attempt to synthesize 
3,5-diethoxy-7-methoxypyrimidotriazine gave, instead, 
a low yield of 4-(diethoxymethylene)hydrazino-2-
ethoxy-5-nitropyrimidine (II-23, R=Et). This was due 
to incomplete reduction of the starting material 
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followed by transetherification at the 2-position of 
the pyrimidine in the presence of silver oxide. 
Other activated pyrimidines such as 2-methoxy- and 
4-methoxy-5-nitropyrimidine have undergone 
transetherification in boiling alcohols with silver 
oxide (Brown and Sugimoto, 1970b). 
D. Transetherification 
Brown and Sugimoto (1970b) have investigated 
transetherification, the exchange of one alkoxy group 
for another, in the 5- and 7-alkoxy-pyrimidotriazines 
using silver oxide in an alcohol. For example, 
5,7-dimethoxypyrimidotriazine was converted into its 
5,7-diethoxy-, 5,7-dipropoxy-,and 5,7-diisopropoxy 
homologues in the appropriate alcohol in the presence 
of silver oxide. 
During the preparation of 3-ethoxy-5-methoxy-
pyrimidotriazine, early attempts to oxidize the 
dihydro intermediate with silver oxide in methanol 
resulted in the formation of mixtures of 3-ethoxy-
5-methoxypyrimidotriazine and 3,5-dimethoxypyrimido-
triazine. Prolonged refluxing in methanol with 
silver oxide converted the 3-ethoxy-5-methoxypyrimido-
triazine entirely into the dimethoxy analogue which 
itself was transformed to the 3,5-diethoxy analogue 
on prolonged refluxing in ethanol with silver oxide. 
This was the first example of transetherification of 
a 3-alkoxypyrimidotriazine. 
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In an effort to avoid transetherification in the 
3-position and the consequent formation of a mixture, 
manganese dioxide was employed as the oxidizing agent 
but, surprisingly, it was found to be a superior 
transetherification reagent to silver oxide and 
resulted in the rapid and complete conversion of 
3-ethoxy-5-methoxypyrimidotriazine into the 
3,5-dimethoxy analogue. Manganese dioxide had not 
previously been used in transetherification. 
In the end, mercuric oxide was used to oxidize 
the dihydro intermediate without promoting trans-
etherification at the 3- or 5-position. Brown and 
Sugimoto {1970b) had previously used mercuric oxide 
instead of silver oxide to avoid transetherification 
of the 7-position during the synthesis of 5-ethoxy-
7-methoxypyrimidotriazine from the pyrimidine {II-22, 
R=Me) by oxidation of the 1,2-dihydro- and 5,6-
dihydro-pyrimidotriazine intermediates. 
Two other examples of transetherification at the 
3-position were observed. 7-Chloro-3-ethoxy-1,2-
dihydropyrimidotriazine was stirred in refluxing 
methanol with silver oxide to give 3,5,7-trimethoxy-
pyrimidotriazine. The yield {52%) was surprisingly 
good considering the number of steps involved in the 
conversion {see under trialkoxypyrimidotriazines). 
Attempts to achieve selective hydrolysis of 
3-ethoxy-5-methoxypyrimidotriazine in aqueous 
methanolic sodium hydroxide gave 3-methoxypyrimido-
triazin-5-one; the molecule having undergone trans-
40a 
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etherification at the 3-position under conditions 
unprecedented in the series (cf. Brown and Sugimoto, 
1970b). The structure of the product was confirmed 
as (II-27) and not (II-28) in three ways : (i) the 
close similarity of u.v. spectra of the product and 
the unambiguously synthesized 3-ethoxypyrimidotriazin-
5-one (II-29) (see under alkoxy-ones); (ii) ammonolysis 
gave a product identical with 3-aminopyrimidotriazin-
5-one (see under amino-ones); and (iii) methyl-
aminolysis gave 6-amino-3-methylamino-1,2,4-triazine-
5-N-methylcarboxamide (see under amino-ones). 
2. Aminolysis of Alkoxypyrimido[5,4-~]-as-triazines 
Brown and Sugimoto (1970a) demonstrated that 
5-methoxy-3-methylpyrimidotriazine was converted into 
5-aminopyrimidotriazine in alcoholic ammonia at 25°. 
Later (1971) the same workers demonstrated that the 
5- was more reactive than the ?-position because 
ammonolysis of 5,7-dimethoxypyrimidotriazine (II-30) 
gave 5-amino-7-methoxypyrimidotri~zine (II-32). The 
same product was obtained by ammonolysis of 7-methoxy-
5-methylthiopyrimidotriazine (II-31) thus confirming 
the structure. Under more vigorous conditions the 
diamino analogue was obtained. Successive aminolysis 
of the new 3,5-dialkoxy- and 3,5,7-trialkoxy-
pyrimidotriazines has demonstrated that the 5- was 
more reactive than the 3-, which in turn was more 
reactive than the ?-position. For example, 
3-ethoxy-5-methoxypyrimidotriazine (II-33) in 
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alcoholic ethereal ammonia or methylamine gave 
5-amino-3-ethoxypyrimidotriazine or its 5-methylamino 
homologue (II-34, R=H or Me), respectively. When the 
reaction was attempted in alcoholic ammonia a trace 
of another product was obtained but with diet hyl 
ether only one product was formed. 3-Ethoxy-5-
rnethoxypyrirnidotriazine under more vigorous conditions 
(110°) with saturated methanolic ammonia gave the 
3,5-diamino analogue but the same starting material 
and ethanolic rnethylamine required a temperature of 
only 25° to form the 3,5-bismethylarnino analogue. 
3-Ethoxy-5-methoxy-7-methylpyrirnidotriazine 
(II-35) was treated as its 7-demethyl homologue above, 
in an attempt to obtain the 5-amino- or 5-methylarnino-
analogues. However, these reactions resulted in 
mixtures of both the 3- and 5-mono-aminated derivat-
ives under a variety of conditions. 3-Ethoxy-5-
rnethoxy-7-rnethylpyrimidotriazine (II-35) and ethanolic 
rnethylarnine gave a mixture which was separated by 
preparative t.l.c. into 3-ethoxy-5-rnethylamino-7-
methylpyrimidotriazine (II-36) and 5-methoxy-7-methyl-
3-methylaminopyrimidotriazine (II-37). The same 
starting material with methanolic ammonia also gave a 
mixture but only the 3-amino-5-methoxy-7-methyl 
analogue could be isolated in sufficient quantity for 
characterization. In aminolyses of the pyrimidotriaz-
ine (II-33) the 5-alkoxy group was displaced first, 
indicating that the 5- was a more inviting site for 
nucleophilic attack than the 3-position. However, 
(I I - 30) ~ 
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when a ?-methyl substituent (II-35) was introduced 
its electron-donating effect apparently deactivated 
the 5-position, resulting in little difference 
between the reactivities of the 3- and 5-positions: 
thus preferential attack did not occur. 
As with its 7-demethyl homologue above, 3-ethoxy-
5-methoxy-7-methylpyrimidotriazine required less 
vigorous conditions for conversion into its 
3,5-bismethylamino analogue than it did for conversion 
into the 3,5-diamino analogue. 
Early in the project an attempt was made to form 
3,5,7-triaminopyrimidotriazine from 3-ethoxy-5,7-
dimethoxypyrimidotriazine by treatment with methanolic 
ammonia at 150° . The product obtained was not the 
expected triamino analogue but analyzed for a 
diamino-methoxypyrimidotriazine. Likewise, ammono-
lysis of 3,5,7-triethoxypyrimidotriazine led to a 
diamino-ethoxy analogue. To confirm the structures 
of these products 3-ethoxy-5-methoxy-7-propoxypyrim-
idotriazine (II-38) was prepared (see Chapter II, 
section l,C) and subjected to ammonolysis under 
similar conditions to give 3,5-diamino-7-propoxypyrim-
idotriazine (II-40, R=H) which was similar in u.v. 
spectrum to the diamino-methoxy and diamino-ethoxy 
homologues described above thereby confirming their 
structures. The bismethylamino-7-propoxy derivative 
(II-40, R=Me) was prepared at 30° from the alkoxy-
pyrimidotriazine (II-38) and alcholic methylamine 
but a temperature of 150° was required to displace 
43a 
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the 7-al koxy substituent in the format i on of 3,5,7-
trismethylaminopyrimidotriazine (II-41, R=Me). 
Under mild conditions (15°) the trialkoxypyrimido-
triazines were mono-aminolyzed. 3-Ethoxy-5-methoxy-
7-propoxypyrimidotriazine (II-38) with alcoholic 
ammonia or methylamine gave 5-amino- or 5-methylamino-
3-ethoxy-7-propoxypyrimidotriazine (II-39, R=H or Me), 
respectively, in good yield. Ammonolysis of 
7-chloro-3-ethoxy-1,2-dihydropyrimidotriazine (II-42) 
gave 3,5-diamino-7-chloropyrimidotriazine (II-46). 
The structure was confirmed by elemental analysis, 
and by i.r. and mass spectra. The reaction proceeded 
through several probable intermediates although the 
order of their occurrence was unknown: displacement 
of the 3-ethoxy substituent (II-43 ); aerial oxidation 
to the aromatic system (II-44); formation of a 
covalent 5,6-adduct (II-45); and final oxidation to 
the product (II-46). 
3. Alkoxypyrimido[S,4-e]-as-triazinones 
- -
A. Hydrolysis of alkoxypyrimidotriazines 
Mild alkaline hydrolysis of 5,7-dimethoxypyrimido-
triazines (II-47) has been shown to yield 7-methoxy-
pyrimidotriazin-5-ones (II-48) and in aqueous 
alcoholic hydrochloric acid, 5,7-dimethoxypyrimido-
triazine was converted into the 5,7-dione (see 
Chapter I: nucleophilic displacement) (Brown and 
In an Sugimoto, 1970b; Brown and Kershaw, 1972). 
effort to obtain other alkoxypyrimidotriazinones 
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needed for formation of arninopyrimidotriazinones 
(Chapter II, 4) conditions were sought which would 
selectively hydrolyse one or more alkoxy substituents 
of 3,5-dialkoxy- and 3,5,7-trialkoxypyrimidotriazines. 
3,5,7-Triethoxypyrimidotriazine (II-49, R1=R2=R3= 
Et) was stirred in 5~ hydrochloric acid at room 
temperature to give 3-ethoxypyrimidotriazine-5,7-
dione (II-50, R=Et). Similar treatment of 3-ethoxy-
5-methoxy-7-propoxypyrimidotriazine (II-49, R1=Et, 
R2=Me, R3=Pr) gave an identical product (II-50, R=Et), 
thus proving the orientation. Under more vigorous 
conditions, in refluxing 5~ hydrochloric acid, the 
trialkoxypyrimidotriazines were converted into the 
3,5,7-trione (II-51). In successive arninolysis of 
trialkoxypyrimidotriazines the 3- and 5- proved more 
reactive than the 7-position (Chapter II, 2) and it 
was somewhat surprising to find that, under acidic 
conditions, the 5- and 7- reacted before the 
3-position. The explanation probably rests in the 
site of protonation: assuming that the positive charge 
remains in the pyrimidine ring on protonation, the S-
and 7-positions would be activated to a greater 
extent than the 3-position toward nucleophilic 
attack. 
3-Ethoxy-5-methoxy-7-propoxypyrimidotriazine 
1 2 3 (II-49, R =Et, R =Me, R =Pr) underwent selective 
hydrolysis in aqueous methanolic hydrochloric acid to 
( II-47) 
(11-49) 
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give 3-ethoxy-7-propoxypyrimidotriazin-5-one (II-52, 
R1=Et,R2=Pr), the structure of which was unambiguous. 
Similar treatment of 3,5,7-triethoxypyrimidotriazine 
gave 3,7-diethoxypyrimidotriazin-5-one (II-52, R1=R2= 
Et), confirmed in structure by a u.v. spectrum closely 
akin to that of its homologue. 
In contrast, the dialkoxypyrimidotriazine (II-53), 
under the same acidic conditions, gave mainly methyl 
6-amino-3-ethoxy-1,2,4-triazine-5-carboxylate (65%) 
(II-54) with smaller amounts of the expected 
3-ethoxypyrimidotriazin-5-one (II-55). 
Attempts to achieve satisfactory selective 
hydrolysis of 3-ethoxy-5-methoxypyrimidotriazine 
(II-53) using aqueous methanolic alkali gave 
3-methoxypyrimidotriazin-5-one (II-56) (see Chapter 
II, 1) involving transetherification at the 3-position 
and under more vigorous conditions both of the alkoxy 
substituents were displaced to give pyrimidotriazine-
3,5-dione (II-57). 
B. From triazines 
Temple, Kussner, and Montgomery (1968, 1969a) 
prepared 6-amino-1,2,4-triazine-5-carboxamide by ring 
cleavage of pyrimidotriazin-5-one in the presence of 
triethylamine. The triazine was recyclized to the 
starting material with diethoxymethyl acetate whilst 
with phosgene it gave pyrimidotriazine-5,7-dione (see 
Chapter I). Previously the preparation of such 
heteroaromatic 1,2,4-triazines from simple reactants 
had been unsuccessful. Reaction of the imidate 
(I I -53) 
(II-56) 
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'c 7 "'-c H C NH R 
EtO/ I 
CN 
(II-58) 
(II -54) 
(II-58b) 
(II-55) 
(II-57) 
0 
<
NJ ~NHR 1 
R ~ I 
N NH2 
NH 2 
(II-58a) 
46a 
47 
(II-58) with hydrazine led to 1-aminoimidazoles 
(II-58a) rather than dihydro-1,2,4-triazines (II-58b) 
(Naylor, Shaw, Wilson, and Butler, 1961). 
In an attempt to prepare 1,2,4-triazines 
suitable for cyclization to pyrimido[5,4-~]-as-
triazines, 2-arnino-2-cyanoacetamide (II-59b) (Smith 
and Yates, 1954) was condensed with aminoguanidine 
(II-59a) to give a mixture of products inseparable 
under a variety of conditions. In another approach, 
3-ethoxy-5-methoxypyrimidotriazine was stirred in 
aqueous methanolic hydrochloric acid to give methyl 
6-arnino-3-ethoxy-1,2,4-triazine-5-carboxylate (II-54) 
(65%) and a smaller amount of 3-ethoxypyrimidotriazin-
5-one (II-55). The ester (II-54) in saturated 
methanolic ammonia gave the amide (II-60, R=H) which 
was cyclized to 3-ethoxypyrimidotriazin-5-one (II-61) 
with triethyl orthoforrnate in the presence of acetic 
anhydride. Similarly, the N-methylamide (II-60, R=Me) 
was prepared and cyclized to 3-ethoxy-6-methylpyrim-
idotriazin-5-one (II-61, R=Me). The pyrimidine 
portion of other fused heterocyclic systems have been 
prepared similarly: pteridin-4-one from 2-amino-3-
carbamoylpyrazine (Albert, Brown, and Cheeseman, 1951); 
and hypoxanthine derivatives from 4-arnino-5-carbarnoyl-
imidazoles (Lister, 1971, p.94). 
In contrast, the amide (II-60, R=H) with the 
higher orthoester homologues, triethyl orthoacetate 
and triethyl orthopropionate, in the presence of 
acetic or propionic anhydride, failed to yield 
HN NH 2 H N O ~/ C 2 
'CHgNH I + I 2 NH 
I CN NH 2 
(I I -59a) (II-59b) 
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pyrimidotriazines. Conversion of the amide (II-60, 
R=H) into its acetyl derivative and subsequent fusion 
was no more successful. 
The same amide (II-60, R=H) with urea or with 
diethyl carbonate failed to react although under the 
same conditions the isomeric 5-amino-6-carbamoyl-3-
ethoxy-1,2,4-triazine gave 3-ethoxypyrimido[S,4-~]-as-
triazine-5,7-dione (Taylor and Martin, 1970). In 
another approach to the 5,7-diones the amide (II-60, 
R=H) and its N-methyl homologue (II-60, R=Me) were 
stirred in refluxing dioxan with ethyl chloroformate 
and potassium carbonate to give the urethane inter-
mediates (II-62, R=H or Me) which were fused to give 
the required 3-ethoxypyrimidotriazin-5,7-dione 
(II-63, R=H) and its 6-methyl homologue (II-63, R=Me). 
Enaminonitriles have proved to be useful precursors 
to 6-aminopurines (Lister, 1971, p.102) and other 
systems (Taylor and McKillop, 1970). Accordingly, 
an appropriate 6-amino-5-cyanotriazine was sought for 
cyclization to 5-aminopyrimidotriazines. Dehydration 
of 6-amino-5-carbamoyl-3-ethoxy-1,2,4-triazine (II-60, 
R=H) with phosphoryl chloride gave the corresponding 
nitrile (II-64) in poor yield. During the working up 
procedure a second product was formed (in some cases 
50 %); it was identified as 6-amino-3-ethoxy-1,2,4-
triazin-5-one (II-65) and the structure was confirmed 
by elemental analysis, i.r., and mass spectroscopy. 
The same product was obtained when the pure cyano 
compound was allowed to stand at 60° in aqueous 
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solution at pH 1 for 5 minutes. Displacement of 
-C=N has previously been observed i n the pyrimidine 
and 1 , 2 , 4-triazine series: 2-methylpyrimidine-4,5-
dicarbonitrile (II-66) under acidic conditions gave 
5-cyano-2-methylpyrimidin-4-one (II-67, R=H) and with 
refluxing methanol the dinitrile gave 5-cyano-4-
methoxy-2-methylpyrimidine (II-67, R=Me) (Schwan and 
Tieckelmann, 1965); a 5-cyano- 4,5-dihydro intermediate 
(II-68b) was proposed in the potassium cyanide 
catalyzed dimerization of 5-unsubstituted 1,2,4-
triazines (II-68a). Presumably the anion (II-68c) 
attacked another triazine molecule to form, after 
aerial oxidation, 5,5'-bi-as-triazinyls (60 %) (II-68d). 
The triazine-5-carboxamides (20 %) were also isolated 
(Krass and Paudler, 1974). 
4. Aminopyrimido [S,4-~]-as-triazinones 
The broad spectrum of biological activity of the 
three naturally occurring antibiotics (toxoflavin, 
fervenulin, and MSD-92) conuaining the 
pyrimido[S,4-~]-as-triazine ring system has prompted 
the synthesis of several analogues for general 
biological screening (Chapter I). Also the success-
ful treatment of acute leukaemia, choriocarcinoma, 
and Burkitt's lymphoma with methotrexat~ has produced 
an interest in analogues o f the pteridine portion of 
this molelcule. With these two factors in mind 
several amino-oxopyrimidotriazines have been prepared 
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f or general biological screening and specific testing 
as anti-leukaemic agents. 
The alkoxypyrimidotriazinones described in the 
previous section served as intermediates in the 
formation of aminopyrimidotriazinones. For example, 
3-ethoxypyrimidotriazin-5-one (II-69) in saturated 
methanolic ammonia at 100° gave the 3-amino analogue 
(II-70) and 3-ethoxy-6-methylpyrimidotriazin-5-one 
(II-71 , R=OEt), which cannot form an anion, was 
converted into its 3-amino analogue (II-71, R=NH
2
) at 
a temperature of only 25°. 
Methylaminolysis of 3-ethoxypyrimidotriazin-5-one 
or its 3-methoxy homologue at 100° did not give the 
3-methylamino analogue but gave instead 6-amino-3-
methylamino-1,2,4-triazine -5-~-methylcarboxamide 
(II-72). Temple, Kussner, and Montgomery (1968) 
observed a similar ring cleavage of pyrimidotriazin-
5-one with aqueous ethanolic triethylamine to give 
6-amino-1,2,4-triazine-5-carboxamide. Pyrimido-
triazin-5-one (II-73) has been cloven with morpholine 
and 1,1-dimethylhydrazine to give 6-amino-5-morphol-
inocarbonyl-1 ,2, 4-triazine and the dimethylcarbo-
hydrazide (II-74), respectively (Clark and Smith, 
1972). Methylaminolysis of 3-ethoxypyrimidotriazin-
5-one at 28° produced the required 3-methylamino 
analogue without any evidence of a ring-opened 
product. 
3,7-Diethoxypyrimidotriazin-5-one (II-75) and 
saturated methanolic methylamine at 100° gave 
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3,7-bismethylaminopyrimidotriazin-5-one (II-76) 
although a temperature of 150° was required to form 
the 3,7-diamino analogue from the same starting 
material (II-75) and saturated methanol i c ammonia. 
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Arnmonolysis of 3-ethoxypyrimidotriazine-5 ,7-dione 
(II-77) at 150° gave the 3-amino analogue (II-78) but 
similar treatment with alcoholic methylamine (100° or 
150°) gave several products. A solution of the dione 
(II-77) in alcoholic methylamine at 25° precipitated 
the methylamine salt of 3-ethoxypyrimidotriazine-5,7-
dione. The structure was confirmed by elemental 
analysis and by u.v., ir., and 1H n.m.r. spectroscopy. 
In an alternate approach to the aminopyrimido-
triazinones, 3,5-diamino-7-methylpyrimidotriazine 
(II-79) was stirred in 5~ hydrochloric acid to give 
3-amino-7-methylpyrimidotriazin-5-one (II-80). The 
structure was confirmed by a closely similar u.v. 
spectrum to that of 3-aminopyrimidotriazin-5-one 
(II-70). 
5. Early Attempts to Prepare 3-Amino-
and 3,4-Dihydro-3-oxo-pyrimidotriazines 
Early in the project, efforts were directed toward 
the introduction of 3-oxo or 3-amino substituents by 
condensation of various reagents with a hydrazine-
pyrimidine. For example, the unstable 5-amino-4-
hydrazinopyrimidine (II-81) (Montgomery and Temple, 
1960) was treated with diethyl carbonate, urea, or 
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urethane in an unsuccessful attemp t to form 
1,2-dihydropyrimidotriazin-3-one (II-82). Likewise, 
guanidine and the pyrimidine (II-81 ) failed to yield 
the desired 3-amino-1,2-dihydropyrimidotriazine 
(II-83). These reactions resulted in black sticky 
tars. The stable 4-hydraz i no-6-methoxy-5-nitropyrim-
idine (II-84, R=OMe) (Biffin , Brown, and Porter, 1968) 
was treated with diethyl carbonate, urethane, and 
ethyl chlorocarbonate in fruitless attempts to obtain 
the intermediate 4-(2-ethoxycarbonylhydrazino)-5-
nitropyrimidine (II-85, R=OMe). The pyrimidine (II-84) 
was treated with cyanamide and with §-methylthiourea 
but, as above, no useful product was obtained. 
In an attempt to make 3-amino-5-methoxypyrimido-
triazine, 4-chloro-6-methoxy-5-nitropyrimidine 
(Hoffmann-La Roche, 1963) was treated with semicarbaz-
ide to give 4-methoxy-5-nitro-6-semicarbazidopyrimid-
ine (II-86). Hydrogenation gave the 5-amino analogue 
but all attempts to cyclize this compound failed. 
4-Chloropyrimidin-6-one (Brown and Harper, 1961) 
and ethanolic hydrazine gave 4-hydrazinopyrimidin-6-
one (II-87). Attempts to form the derivative (II-88) 
(using diethyl azodicarboxylate) with a view to its 
cyclization (II-89) gave only inseparable mixtures. 
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6. 8-Alkoxypurines And Related Systems 
A. 8-Alkoxypurines 
At the outset of this project little was known 
about the tetraalkoxy- and tetrakismethylthio-methanes 
although their preparation was well documented 
(Tieckelmann and Post, 1948 and references therein; 
Backer and Stedehouder, 1933). The successful use 
of tetraethoxy- and tetrapropoxy-methanes in the 
cyclization of 5-amino-4-hydrazinopyrimidines to give 
3-ethoxy- and 3-propoxy-pyrimidotriazines (Chapter II, 
1) prompted an investigation of tetraalkoxy- and 
tetrakismethylthio-methanes as potential cyclizing 
reagents in other systems. In general, o-diamines 
were found to condense with orthocarbonates to give 
8-alkoxypurines or related fused imidazoles. 
Stirring 5-amino-4-chloro-6-methylaminopyrimidine 
(II-90, R=Cl) (Brown, 1954) in refluxing tetraethoxy-
methane gave 6-chloro-8-ethoxy-9-methylpurine (II-91, 
R~Cl). 5-Amino-4,6-bismethylamino- (II-90, R=NHMe) 
(Brown and Jacobsen, 1960) and 5-amino-4-dimethyl-
amino-6-methylamino-pyrimidine (II-90, R=Me 2N) (Soll 
and Pfleiderer, 1963) were treated similarly to give 
6-methylamino- and 6-dimethylamino-8-ethoxy-9-methyl-
purine (II-91, R=NHMe or NMe 2 ), respectively. 
Likewise, 4,5-diamino-2,6-dimethylpyrimidine (Prasad, 
Noell, and Robins, 1959) and 5-amino-4-methylamino-
pyrimidine (Brown, 1954) gave 8-ethoxy-2,6-dimethyl-
and 8-ethoxy-9-methyl-purine, respectively. 
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Previously 8-ethoxy-9-methylpurine was prepared by a 
laborious six-step sequence (Barlin, 1967, and 
references therein). 
B. Acid catalyzed condensations 
Unlike its isomer above, 4-amino-5-methylamino-
pyrimidine (II-92) (Brown, 1955) and refluxing tetra-
ethoxymethane gave only an inseparable mixture; the 
desired 8-ethoxy-7-methylpurine (II-93) resulted only 
when one equivalent of glacial acetic acid was added 
to the reaction mixture. Similarly, when 5-amino-
4-methylamino-6-methylthiopyrimidine (II-94) (Brown, 
1957) was stirred with tetraethoxymethane at reflux 
several products resulted. However, the reactants 
condensed at room temperature in the presence of 
acetic acid to give the 5-(diethoxymethyleneamino)pyr-
imidine (II-95) which was fused at 200° to give 
8-ethoxy-9-methyl-6-methylthiopurine (II-96). 
The mechanism of acid catalysis in the above 
condensation is uncertain although it might involve 
protonation of the orthocarbonate followed by loss of 
ethanol to give the triethoxy carbonium ion 
Attack on this ion by the nucleophilic 
5-amino substituent of the heterocycle followed by 
elimination of ethanol would give the diethoxy-
methyleneamino intermediate. Using 1H n.m.r., Wenthe 
and Cordes (1965) studied the mild acid hydrolysis of 
tetramethoxymethane and observed first order rate 
constants for the disappearance of substrate and the 
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appearance of products (methanol and dimethyl 
carbonate) indicating that carbonium ion formation 
was the rate determining step. 
C. §-Alkylation with orthocarbonates 
55 
In extending this reaction to 4,5-diaminopyrimid-
inethiones, §-alkylation by the orthocarbonate 
frequently occurred as a side reaction: 5-amino-4-
methyl-6-methylaminopyrimidine-2-thione (II-97) 
(Brown, Ford, and Tratt, 1967) gave first the 
§-alkylated intermediate (II-98) and thence the 
purine (II-99); 5-amino-4-methylaminopyrimidine-6-
thione (II-100) (Brown, 1957) gave 8-ethoxy-6-
ethylthio or 8-propoxy-6-propylthio-9-methylpurine, 
according to whether tetraethoxy- or tetrapropoxy-
methane was used. The structure of the 6-ethylthio-
purine (II-101) was confirmed by an alternate 
synthesis: 5-amino-4-methylaminopyrimidine-6-thione 
(II-100) (Brown, 1957) with ethyl iodide gave the 
6-ethylthio analogue (II-102) which in the presence 
of acetic acid and tetraethoxymethane gave the 
5-diethoxymethyleneamino intermediate (II-103) and 
thence at 200° the purine. The u.v. spectrum of 
9-methyl-8-propoxy-6-propylthiopurine was closely 
similar to that of its lower homologue and served 
1 along with elemental analysis, i.r., and H n.m.r. 
spectra to confirm its structure. Such §-alkylat-
ions have been observed recently when using the 
orthoesters of simple carboxylic acids in the presence 
of anhydrides (Badger, Brown, and Lister, 1973). 
(II-97) 
(II-99) 
s 
HN:JNH2 
l.N I NHMe 
(II-100) 
l 
SEt 
N~NH2 ~ N NHMe 
(II-102) 
(II-104) 
55a 
Me 
N()N:C(0Et) 2 
EtS~NHMe 
(II-98) 
SEt 
~>OEt 
Me 
(II-101) 
I 
SEt 
N~N:C(OEt) 2 
~N NHMe 
(II-103) 
{II-105) 
For example, purine-2-thione (II-104) and triethyl 
orthopropionate in the presence of acetic anhydride 
gave 2-ethylthiopurine (II-105). 
D. Thiazolo[5,4-£]pyrimidines 
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When 5-amino-4-methylaminopyrimidine-6-thione 
(II-106) was allowed to react with tetraethoxy- or 
tetrapropoxy-methane (as above) but with acetic acid 
present, the thioxo rather than the methylamino 
substituent became involved in ring formation to give 
the thiazolo[5,4-£]pyrimidine (II-107, R=Et or Pr) 
instead of the expected purine (II-108, R=Et or Pr). 
Brown and Mason (1957) attempted to prepare 
2-n-butylpurine-6-thione from 4,5-diamino-2-n-
butylpyrimidine-6-thione by formylation with formic 
acid and ring closure. However, only the isomeric 
thiazolo[5,4-£]pyrimidine resulted. Other 
thiazolopyrimidines were prepared similarly by Elion, 
Lange, and Hitchings (1956). The preferential form-
ation of thiazolopyrimidines under acidic conditions 
may result from deactivation of the 4-substituent as 
a nucleophile upon ring protonation as in resonance 
structures (II-109a) - (II-109b). 
E. Other systems 
4,5-Diaminopyrimidine (II-110) (Brown, 1952) 
reacted with tetrakismethylthiomethane in the presence 
of acetic acid as solvent to give 
4-amino-5-(bismethylthio)methyleneaminopyrimidine 
(II-111). Fusion of this intermediate gave 
8-methylthiopurine (II-112), identical with an 
s 
HN~NH2 
lNJNHMe 
(II-108) 
{II-110) 
(II-113) 
(II-115) 
') 
56a 
(II-107) 
SH 
N~NH2 
l~~NHMe" 
.) 
H 
(II-109a) 
(II-111) 
(II-114) 
SH 
N~NH 2 
lN)=~HMe 
H 
(II-109b) 
{II-112) 
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authentic sample (Albert and Brown, 1954; Mason, 1954). 
Attempts to condense other 4,5-diaminopyrimidines with 
the orthothiocarbonate under the same conditions, by 
fusion, or in other solvents gave either inseparable 
mixtures of products or starting material. 
Under remarkably mild conditions, Q-phenylenediam-
ine and 2,3-diaminonaphthalene were converted by the 
appropriate tetraalkoxymethanes (and acetic acid) into 
the 2-alkoxybenzimidazoles (II-113, R=Et or Pr) and 
the 2-alkoxynaphthimidazoles (II-114, R=Et or Pr). 
Early attempts to condense the above Q-diamine with 
the tetraalkoxymethanes at several temperatures 
resulted in decomposition or recovery of starting 
material. Only when the reactants were stirred at 
room temperature in the presence of acetic acid did 
the condensation occur . in high yield. 
2-Ethoxy- and 2-propoxy-imidazo[4,5-E]pyridine 
(II-115, R=Et or Pr) were prepared from 2,3-diamino-
pyridine and the appropriate tetraalkoxyrnethane 
without isolation of intermediates. 3,4-Diamino-
pyridine did not react under these conditions. 
4,5-Diaminopyrimidine (Brown, 1952) and its 6-chloro 
derivative (Albert, Brown, and Cheeseman, 1952) with 
tetraethoxymethane gave only the 5-diethoxyrnethylene-
amino intermediates which did not cyclize under a 
variety of conditions. 
F. Ionization constants 
The acidic and basic pK values for several ring 
-a 
systems containing 2-alkoxyimidazoles were measured 
and compared to the literature pK values (Albert, 
-a 
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1963) for the corresponding unsubstituted analogues. 
The structures and corresponding pK values are 
-a 
illustrated in Table I. The acidic strength of the 
alkoxy derivatives (II-116, II-117, II-118, R=OEt and 
II-119, R=OMe) was greater than that of the corres-
ponding unsubstituted analogues (II-116 to II-119, 
R=H) due to the inductive effect of the alkoxy 
substituent. The introduction of an alkoxy substit-
uent resulted in a decrease in the basic strength of 
benzimidazole and naphthimidazole; however, the 
opposite effect was observed in imidazopyridine and 
purine most likely due to a change in the site of 
protonation. 
The addition of ring nitrogen atoms increased the 
acidic strength by approximately 2 pH units for each 
-C=N- added in passing from 2-ethoxybenzimidazole 
(II-117, R=OEt) to 2-ethoxyimidazopyridine (II-118, 
R=OEt) to 8-methoxypurine (II-119, R=OMe). The same 
effect was observed in the unsubstituted analogues 
(II-117 to II-119, R=H). 
The basic strength of 8-ethoxypurine, which must 
approximate to that of 8-methoxypurine (p~a 3.14; 
Brown and Mason, 1957), was raised a little in its 
7-methyl (3.48) and 9-methyl (3.45; Barlin, 1967) 
derivatives and only one unit further by an additional 
powerfully electron-donating 6-methylamino or 
6-dimethylamino substituent, pK 4.37 and 4.64, 
-a 
respectively. The addition of two f-methyl groups 
TABLE 
Ionization constants for 
Compound 
N 
)R 
N 
H 
(II-116) 
(II-117) 
(II-118) 
(II-119) 
I 
some 
pfa 
fused imidzaoles 
R=H R=0Et 
5. 2 4. 1 
12.5 11. 2 
5.5 4.4 
13.2 11.6 
pK 4.0 
-a 4.6 
10.0 11. 1 
2.4 
8.9 
R=0Me 
3. 1 
7. 7 
5 8a 
58b 
Me 
Me~:,OEt 
N H 
SMe 
~>OEt 
Me 
(11-120) (11 -121) 
NHMe 
~)orr 
(11-122) 
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to 8-ethoxypurine gave the derivative (II-120) with 
P~a 4.71. 8-Ethoxy-9-methylpurine (p~a 3.45) 
suffered an appreciable decrease in basic strength 
in its 6-methylthio derivative (II-121; pK 1.82). 
- a 
The p~a value for 7-methylamino-2-propoxythiaz-
olo[5,4-~]pyrimidine (II-122, pK 3.31) was comparable 
-a 
with that of its 2-unsubstituted analogue, pK 2.84 
-a 
(Brown and Mason, 1957). 
7. Ionization Constants and Spectra 
of Pyrimido[5,4-§]-as-triazines 
A. Ionization constants 
The pyrimido[5,4-§]-as-triazines, with an addition-
al electron-withdrawing -C=N-, were expected to 
exhibit weaker basic properties and stronger acidic 
properties than their 7-deaza analogues (viz. 
pteridines). Previously, Brown and Sugimoto (1970a) 
-demonstrated that pyrimidotriazin-5-one (pK 6.6) and 
-a 
its 3-methyl analogue (pK 7.0) were both stronger 
-a 
acids by approximately one unit than the correspond-
ing pteridin-4-one (Albert, Brown, and Cheeseman, 
1951; pK 7.9) and its 6-methyl derivative P~a 8.2 
-a 
(Albert, Brown, and Cheeseman, 1952). Also, 
5-amino-3-methylpyrimidotriazine (Brown and Sugimoto, 
1970a; pK 2.0) was a weaker base than 4-amino-
-a 
pteridine (Albert, Brown, and Cheeseman, 1951; 
P~a 3.6). 
The base strengthening effect (0.9 units) of a 
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g-methyl group was vividly demonstrated in 
3,5-diaminopyrimidotriazine (p~a 2.9) and its 
?-methyl homologue (p~a 3.8) as well as in 
3,5-bismethylaminopyrimidotriazine (pK 3. 3) and its 
-a 
?-methyl homologue (pK 4.2). 
-a A similar effect was 
observed in the pteridines in passing from 4-amino-
pteridine (p~a 3.6; Albert, Brown, and Cheeseman, 
1951) to its 2-methyl derivative (p~a 4.3; Albert, 
Howell, and Spinner, 1962). On account of the 
additional electron-withdrawing nitrogen atom, 
3,5-diaminopyrimidotriazine (p~a 2.9) was a weaker 
base than the corresponding 7-deaza-analogue, 
4,6-diaminopteridine (p~a 4.4; Albert, Lister, and 
Pedersen, 1956). 
Changing an amino substituent to a methylamino 
substituent had a base strengthening effect. 
3,5-Bismethylaminopyrimidotriazine (pK 3.3) and its 
-a 
?-methyl derivative were stronger bases by 0.4 units 
than the corresponding amino analogues, 3,5-diamino-
pyrimidotriazine (p~a 2.9) and its ?-methyl derivat-
ive (p~a 3.8). Also the basic strength of 
3,7-diaminopyrimidotriazin-5-one (pK 4.8) was 
-a 
greatly increased (2.1 units) in its 3,7-bismethyl-
amino homologue (P~a 6 .8) · 
The electron-donating amino, methyl, and methyl-
amino substituents reduced the acidic strength of 
pyrimidotriazin-5-one (p~a 6.6; Brown and Sugimoto, 
1970a). For example, the 3-amino (p~a 7.9) and 
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3-methylamino (pK 8.1) derivatives were reduced in 
-a 
acidic strength while the 3-amino-7-methyl derivative 
(pK 8.5) was even less acidic. 
-a Also 
3,7-diaminopyrimidotriazin-5-one and the 3,7-bismethyl 
-amino analogue were less acidic than the parent 
pyrimidotriazin-5-one (pK 6 .6). Again the greater 
-a 
electron-donating power of methylamino over amino was 
demonstrated in 3-aminopyrimidotriazin-5-one (pBa 7.9) 
and its 3-methylamino analogue (p~a 8.1) a~ well as in 
3,7-diaminopyrimidotriazin-5-one (pK 7.5) and its 
-a 
3,7-bismethylamino analogue (p~a 7.8). The acidic 
strength of pyrimidotriazine-5,7-dione (pK 6.5; 
-a 
Brown and Sugimoto, 1971) was reduced in its 3-amino 
(p~a 7.6), 3-amino-6-methyl (p~a 7.8), and 3-ethoxy-
6-methyl (p~a 7.2) derivatives. 
The acidic strength of pyrimidotriazin-5-one 
(p~a 6.6) was reduced in its 3-amino derivative 
(p~a 7.9) as was pyrimidin-4-one (p~a 8.6; Albert, 
Brown, and Cheeseman, 1951) in its 2-amino derivative 
(pK 9.4; Levene, Bass, and Simms, 1926). In contrast, 
-a 
the acidic strength of pyrimidotriazin-5-one was almost 
unchanged in its 7-amino derivative (p~a 6.7); 
pteridin-4-one (pK 7.9; Brown and Mason, 1956) and 
-a 
its 2-amino derivative (pK 7.9; Pfleiderer, Liedek, 
-a 
Lohrmann, and Rukwied, 1960) displayed the same 
behaviour. 3,7-Diaminopyrimidotriazin-5-one (p~a 7.5) 
was less acidic than 7-amino- (pK 6.7) and surprisingly 
-a 
more acidic than 3-amino-pyrimidotriazin-5-one (p~a 7.9). 
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7-Ethoxypyrimidotriazi n-5-one had a slightly 
increased acidic strength (pK 5.9) over that of its 
-a 
parent, pyrimidotriaz i n-5-one (pK 6.6), due to the 
-a 
electron-withdrawing i nductive effect o f the ethoxy 
group adjacent to t h e ioniz i ng position. In 
contrast , the 3-ethoxy isomer was appreciably less 
acidic than the parent 5-one; apparently the electron 
-donating effect of the distant alkoxy group operated 
more strongly at the ionizing position than the 
e l ectron-withdrawing effect. In 3,7-diethoxypyrim-
idotriazin-5-one both effects almost counterbalanced 
to give a P~a of 6.4, close to that of the parent. 
B. Ultraviolet spectra 
The ultraviolet spectra (Figure II-2) of the 
3,5-dialkoxypyrimidotriazines exhibited intense peaks 
at approximately 215 nm (log £ ca 4) and 235 nm with 
a shoulder at ca 260 nm. A less int ense series of 
peaks and shoulders was centred at about 350 nm and a 
broad peak of low intensity (log£ 2.5) occurred at 
480 nm. This last band represented an n + TI* 
transition similar to that previously observed in the 
parent pyrimidotriazine, its g-methyl, and its 
alkoxy derivatives. The long-wavelength band of 
3-ethoxy-5-methoxypyrimidotriazine in cyclohexane 
solution, underwent a marked hypsochromic shift 
(482 nm to 465 nm) upon redetermining the spectrum 
in methanol, indicating that this band arose from an 
n + TI* transition (Mason, 1959 and references therein). 
w 
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Figure II-2 
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The u.v. spectrum of 3-ethoxy-5-methoxypyrimido[S,4-~] -as-
triazine in cyclohexane. 
600 
°' N 
Pl 
3-Ethoxy-5-methoxy-7-propoxypyrimidotriazine 
displayed a similar shift. 
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As expected, alteration of the alkoxy substituent 
from methoxy to ethoxy or propoxy had a lmost no effect 
upon the u.v. spectrum. However, the introduction of 
a 7-propoxy substituent into 3-ethoxy-5-methoxy-
pyrimidotriazine caused a bathochromic shift in the 
medium-intensity band from 351 nm to 372 nm. A less 
dramatic bathochromic shift occurred upon introduc-
tion of a 7-methyl substituent. Like their 
3,5-dialkoxy analogues, the u.v. spectra of 3,5,7-
trialkoxypyrimidotriazines were not significantly 
altered upon variation of alkoxy groups. 
The expected bathochromic shift was observed upon 
arninolysis of the alkoxypyrimidotriazines. Monoarnrn-
onolysis of 3-ethoxy-5-methoxypyrimidotriazine (215, 
238, 355 nm, in methanol) gave the 5-arnino anal ogue 
(218, 261, 392 nm, as neutral species in water) and 
under more vigorous conditions the 3,5-diarnino 
analogue (215, 268, 421 nm; in water as the neutral 
species) resulted. Table II illustrates the same 
effect of successive methylarninolyses on 
3-ethoxy-5-methoxy-7-propoxypyrimidotriazine. 
Although a large bathochromic shift was observed in 
the peak at 236 nm an even larger shift resulted in 
the long-wavelength band at 385 nm. 
Replacement of amino by methylarnino groups 
caused marked bathochromic shifts of the peaks at 
ca 270 nm and greater shifts of the long-wavelength 
63a 
TABLE II 
Ultraviolet spectral changes during successive 
methylaminolysis of a trialkoxypyrimidotriazine 
Pyrimidotriazines Am ax i n 
a nm-
3-Et0-5-Me0-7-PrO-- 236 385 
3-Et0-5-NHMe-7-PrO- 216 261 412 
3-NHMe-5-NHMe-7-PrO- 221 272 457 
3-NHMe-5-NHMe-7-NHMe- 228 277 475 
a For complete spectra see Table IV. 
b In methanol: others as neutral species 
in appropriate buffer. 
peak. For example, the 268 nm and 421 run peaks of 
3,5-diaminopyrimidotriazine were shifted to 281 nm 
and 445 nm in 3,5-bismethylaminopyrimidotriazine. 
Table IV contains many other examples. 
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R.N. Jones (1945) found the anions of phenols of 
polycyclic hydrocarbons to have nearly identical u.v. 
spectra with those of the neutral species of the 
corresponding amine. The rule has previously been 
applied to TI-deficient nitrogenous heteroaromatics 
(Brown and Jacobsen, 1961). A good example of the 
applicability of the rule was provided by the close 
similarity of the spectrum of 3-aminopyrimidotriazin-
5-one (as anion) to that of the neutral molecule of 
3,5-diaminopyrimidotriazine. 
The location of the tautomeric hydrogen atom of 
3-amino- and 3-ethoxy-pyrimidotriazin-5-one was 
uncertain. The 6-methyl derivatives were synthesized 
unambiguously and their u.v. spectra compared to those 
of the unmethylated analogues. Since the methyl 
substituent was optically transparent, the close 
similarity of their u.v. spectra indicated the 
likely location of the tautomeric hydrogen as N-6. 
C. Proton magnetic resonance spectra 
The 1H n.m.r. spectra served to confirm the 
structures of most of the compounds discussed in this 
thesis. Spectra of the alkoxypyrimidotriazines 
exhibited the expected coupling in the ethoxy and 
prppoxy homologues. The chemical shifts of the 
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methoxy groups in 3,5-dimethoxypyrimidotriazine were 
nearly identical (one slightly broadened signal at 
04.36) and both occurred downfield to that of the 
carbocyclic derivative, anisole (OMe, 03.7, 8) and its 
2,4-dinitro derivative (OMe, 04.12) (Varian, 1962). 
The introduction of a 5-methoxy substituent into 
3-methylpyrimidotriazine shifted the H-7 signal from 
09.75 to 09.08 due to the electron-donating mesomeric 
effect of the alkoxy group (Biffin, Brown, and 
Sugimoto, 1970). However, the introduction of a 
second methoxy substituent into 5-methoxypyrimido-
triazine (H-7, 09.14; Biffin, Brown, and Sugimoto, 
1970) had very little effect (o0.10 upfield)upon the 
chemical shift of the 7-proton. Likewise, the H-7 
signal of 5-aminopyrimidotriazine (08.68) (Temple, 
Kussner, and Montgomery, 1969a) was little changed in 
the 3,5-diamino derivative (68.46). 
The spectrum of 3,7-diethoxypyrimidotriazin-5-one 
was unusual in that the methylene protons were 
equivalent, giving only one quartet at 04.53, while 
the methyl protons displayed two overlapping triplet 
signals at ol.42 and ol.38. Construction of a 
molecular model demonstrated that the steric arrange-
ment of the ethoxy groups and the ring placed the 
methyl groups in close proximity to the ring 
electrons; one being close to the triazine ring and 
the other close to the pyrimidine ring. 
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Some difficulty was encountered in solubilizing 
several aminopyrimidotriazines and, as a result, the 
resolution in their spectra was poor. 
In some insta~ces the (diethoxymethylene)hydraz-
inopyrimidines exhibited unusual spectra in that the 
two ethoxy groups gave rise to only one methylene 
quartet while two overlapping triplets were observed 
for the methyl groups. 
D. Mass spectra 
The mass spectra indicated that the alkoxypyrim-
idotriazines (II-123) (Figure II-3) began their 
fragmentation by two major pathways: (A) O-CH2 bond 
cleavage at the 3-, 5-, or 7-position with the charge 
remaining on the alkyl fragment; and/or (B) the loss 
(Table III) of N-1 and N-2 as nitrogen to give 
fragment (II-124) followed by O-CH2 bond cleavage 
accompanied by hydrogen rearrangement to fragment 
(II-125) and thence to fragment (II-126) and/or 
fragment (II-127). 
In the compounds (II-123b, c, d, and e) containing 
a 3-ethoxy substituent fragmentation in pathway B 
began by two successive losses of 28 mass units each. 
That the first of these was due to loss of nitrogen 
rather than c2H4 was confirmed in the spectrum of 
3-methoxy- (II-123f) and 3-propoxy- (II-123a) 
5-methoxypyrimidotriazine where the first fragment-
ation was also due to the loss of 28 mass units. 
Following the loss of nitrogen, the 3-ethoxy and 
3-propoxy derivatives underwent O-CH2 bond cleavage 
(a) Me 
( b) Me 
( c) Me 
( d) Et 
( e) Me 
( f) Me 
(II-123) 
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Mass spectrum of 5-methoxy-3-propoxypyrimido[5,4-~]-as-triazine. 
(fragments <10% not shown) 
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TABLE III 
Partial fragmentation of alkoxypyrimidotriazines (pathway B) 
Fragments:~/~ and % abundance~ (underlined) 
Substituents (II-123}=M+ (II-124} (II-125) (II-126) (II-127) 
(a} 221, £§_ 193, ~ 151, g 122, ££ 108, 17 
( b} 20 7, 80 179, 82 151, 100 122, 43 108, 25 
( C) 265, 29 237, li_ 209, §1_ 181, .?.. 166, 32 
(d) 221, ~ 193, 11_ 165, ~ 137, ~ 122, 5 
(e} 221, ~ 193, iL 165, ~ 136, ~ 122, 5 
( f) 19 3, 48 165, 100 150!?_, ~ 122. 23 108, 38 
a For some compounds the base peak was in Pathway A. 
b No H rearrangement. 
O'\ 
I.O 
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with hydrogen rearrangement. However, the 
3-methoxy derivative, after similar loss of nitrogen, 
underwent O~H3 bond cleavage without hydrogen 
transfer. Similarly, when the alkyl portion of an 
aromatic alkyl ether is c 2 or larger, cleavage 8 to 
the ring is accompanied by hydrogen rearrangement 
(Silverstein and Bassler, 1967). 
Fragment (II-125) gave rise to at least three 
other peaks in the spectrum by: (i) loss of HNCO to 
give (II-127); (ii) loss of HCO to give fragment 
(II-126); (iii) loss of co. Figure (II-2) 
illustrates the spectrum of 5-methoxy-3-propoxypyrim-
idotriazine. 
Clark (1972) determined the mass spectra of some 
5-trifluoromethylpyrimidotriazines and found their 
fragmentation dominated by consecutive losses of N2 
and HCN from the triazine ring. Similarly 
3-methoxy-5,6-diphenyl-1,2,4-triazine (II-128) first 
lost N2 to give (II-129) followed by loss of MeOCN 
(no hydrogen rearrangement) to give the fragment 
(II-130) (Sasaki, Minamoto, Nishikawa, and Shima, 
1969) . Benzo[~]cinnolines (Bowie, Lewis, and Reiss, 
1968), cinnolines (Palmer, Russell, and Wolstenholme, 
1969), and pyridazines (Benn, Sorenson, and Hogg, 
1967; Bowie, Cooks, Donaghue, Halliday, and Rodda, 
1967) also fragment with the initial loss of nitrogen. 
The mass spectrum of 3,5-diamino-7-chloropyrim-
idotriazine is represented in Figure (II-4). Due 
to the natural abundance of 37cl the P+2 peak had 
71 
+ 
(II-128) (II-129) (II-130) 
! 
approximately one third the intensity of the parent 
ion. That the fragment at ~/g 169 contained 
chlorine was obvious from its isotope peak at 
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~/g 171. The initial fragmentation again was due to 
loss of nitrogen followed by the loss of chlorine to 
give fill§ 134 which did not have a 37cl isotope peak. 
Beyond this point the fragmentation appeared to take 
several routes. 
The mass spectra of 5-cyano-, 5-methoxycarbonyl-, 
and 4,5-dihydro-5-oxo-6-amino-3-ethoxy-1,2,4-triazine 
were determined. Each exhibited a prominent parent 
peak. Primary cleavage involved the loss of 28 mass 
units in each instance and was attributed to nitrogen 
on the basis of the above discussion, although other 
possibilities exist. 
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Figure II-4. Mass spectrum of 3,5-diamino-7-chloropyrimido[5,4-~J-as- --.J w 
triazine. (fragments <5% not shown) 
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TABLE IV 
ULTRAVIOLET SPECTRA AND IONIZATION CONSTANTS 
Compounds and pK ~ Solvent~ 
-a Amaxc (loge:) 
Alkoxypyrimidotriazines 
3,5-Diethoxy-
3,5,7-Triethoxy-
C 213(4.14}, 237(4.19}, 264(3.51), 
281(2.93), 322(3.45}, 329)3.57}, 
337(3. 71), 345(3. 76), 352(3.84), 
361(3.70), 368(3.71), 482(2.45), 
512(2.26), 522(2.11) 
C 236(4.33), 255(3.86), 278(2.98), 
355(3.61}, 365(3.71), 373(3.78), 
384(3.69), 391(3.70), 474(2.44) 
3-Ethoxy-5-methoxy- C 214(4.09), 236(4.18), 262(3.55), 
279(2.97},!t 322,(3.45), 328(3.55), 
336(3.68}, 344(3.74), 351(3.81), 
360(3.67}, 367(3.69), 482(2.46), 
524(2.08) 
3-Ethoxy-5,7-
dimethoxy-
3-Ethoxy-5-methoxy-
7-methyl-
3-Ethoxy-5-methoxy-
7-propoxy-
3,5-Dimethoxy-
3,5,7-Trimethoxy-
M 215(4.15), 238(4.17), 261(3.59), 
355(3.78), 370(3.70), 465(3.03) 
C 210(4.04), 233(4.31), 260(3.61), 
276(3.03}, 352(3.61), 362(3. 71), 
370(3.79), 381(3.69), 389(3.72), 
474(2.47), 502(2.32), 516(2.21) 
C 216(4.11), 237(4.19), 262(3.60), 
280(2.84), 341(3.62), 349(3.68), 
356(3. 74), 366(3.62), 373(3.60), 
480(2.40), 502(2.29), 522(2.06) 
C 235(4.31), 255(3.86), 275(3.02), 
355(3.58), 364(3.67), 372(3.75), 
383(3.66), 391(3.67), 471(2.45) 
M 236(4.40), 254(3.95), 385(3.77), 
450(2.53) 
C 214(4.01), 236(4.15), 253(3.66), 
259(3.56), 263(3.44), 278(2.94), 
321(3.43), 327(3.53), 335(3.67), 
343(3. 72), 350(3.80), 359(3.67), 
367(3.68), 480(2.44), 508(2.22), 
520(2.04) 
C 233(4.29), 255(3.81), 275(3.08), 
353(3.62), 363(3.71), 370(3.79), 
381(3.69), 389(3.70), 476(2.47), 
488(2.44) 
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5-Methoxy-3-propoxy- C 236(4.18), 256(3.72), 262(3.61), 
277(3.08), 322(3.42), 330(3.54), 
338(3.66}, 345(3. 71 ), 352(3.79), 
361(3.66}, 369(3.67), 475(2.40), 
521(2.13) 
Aminoalkoxt~trimidotriazines 
5-Amino-3-ethoxy- M 218(4.04), 261(4 . 11), 296(3.27), 
392(3.73) 
3,5-Diamino- M 221(4.11), 253(4.24), 260(4.27), 
7-ethoxy- 318(3.08), 433(3.69), 475(3.30) 
5-Amino-3-ethoxy- M 216(3.95), 221(4.07), 256(4.25), 
7-propoxy- 307(3.29), 405(3.72) 
3,5-Diamino- M 220(4.11), 251(4.19), 261(4.24), 
7-methoxy- 320(3.04), 430(3.67), 470(3.40) 
3-Amino-5-methoxy- M 222(4.04), 259(4.17), 310(3.04), 
?-methyl- 394(3. 71) 
3,5-Diamino- M 215(4.10), 220(4.17), 251(4.25), 
7-propoxy- 254(4. 28), 261(4.31), 310(3.23), 
437(3.76) 
3-Ethoxy-7-methyl- M 
5-methylamino-
227(4.06), 267(4.04), 402(3.78) 
3- Eth oxy- M 214(4.06), 224(4.05) ~ 268(3.95), 
5-methylamino- 295(3.38), 403(3.78) 
3-Ethoxy- M 216(4.29), 261(4.15), 312(3.27), 
5-methylamino- 412(3.80) 
7-propoxy-
5-Methoxy-7-methyl- M 
3-methylamino-
227(4.05), 266(4.02), 401(3.79) 
3,5-Bismethylamino- M 216(4.17), 221(4.27), 258(4.18), 
7-propoxy- 260(4.20), 268(4.25), 272(4.26), 
320(3.26), 457(3.71) 
Alkoxt~~rimidotriazinones 
3-Ethoxy-5-one 10.0 218(4.00), 258(4.14), 282(3.43)' 
391(3.64) 
275(3.66), 7.16±0.03(345) 4.0 249(3.99), 267(3.82), 360(3.70) 
3-Ethoxy-5,7- M 216(3.63), 221~4.00), 236(4.28), 
di one 264(3.32), 267 3.27), 272(3.19), 
379(3.70) 
...... 
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3,7-Diethoxy- 10.0 252(4.29), 303(3.23), 395(3.65), 5-one 3.0 246(4.18), 380(3.68) 
6.38±0.03(300) 
3-Ethoxy-6-methyl - 8.0 253(4.06), 277(3.65), 361(3.64) 
5-one 
3-Ethoxy-6-methyl- 10.2 210(4.04), 255 (4. 35), 419(3.58), 
5,7-dione 2. 2 236(4.28), 277(3.20), 375(3.69) 
7.21±0.02(270) 
3-Ethoxy-7- 10. 1 252(4.26), 301(3.21), 395(3.62) 
propoxy- 3. 2 248(4.14), 381(3.65) 5-one 
3-Methoxy-5-one 10.0 215(3.99), 257(4.10), 282(3.40), 
392(3.59) 
4.0 249(3.93), 
360(3.65) 
267(3.76), 275(3.60), 
Amino~trimidotriazinones 
3-Amino-5-one 10.2 211(4.52), 221(4.43), 267(4.39), 
288(3 .85), 415(3.90) 
7.89±0.02(283) 4.0 209(4.35), 219(4.28), 270(4.33), 
405(3.87) 
3-Amino- 9.6 250(4.27), 275(3.96), 425(3.48) 
5,7-dione 4.6 244(4.20), 255(4.19), 415(3.51) 
7.63±0.02(280) 
0.68±0.05(415) 
3,7-Diamino- 10. 4 215(3.79), 264(3.99), 445(3.21) 
I, 5-one 2. 3 209(3.82), 253(3.86), 275(3.58), 
7.45±0.02(260) 425(3.17} 
4.81±0.02(260) 
3-Amino-6-methyl- 8.6 211(4.08), 221(4.05), 267(4.05), 
5-one 295(3.68), 403(3.56} 
3-Amino-7-methyl- 10.4 208(4.29), 227(4.15), 267(4.19), 
5-one 290(3.61), 420(3.64) 
8.51±0.03(283) 3.5 207(4.14), 218(4.10), 270(4.16), 
406(3.62) 
,, 
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3-Amino-6-methyl - 10. 6 212(4.15), 258(4.34). 450(3.58) 5,7-dione 3. 7 245(4.32), 420(3.56) 
7.82±0.02(275) 
0.60±0.05(410) 
3-methylamino- 10.5 215(4.22), 228(4.1 6) ,274(4.17), 5-one 297(3 . 67), 435( 3.57) 
8.05±0.02(283) 4.0 212(4.03), 222(4.01), 280(4.16), 422(3.51) 
3,7-Bis- 10.5 218(4.16), 272(4.45), 335(3.26), methyl amino-
~(3.54) 5-one 
7.83±0.02(272) 4.2 211(4.13), 
458(3.44) 266(4.27), 295(3.98), 
6.78±0.04(272) 
Aminoetrimidotriazines 
3,5-Diamino- 8.5 215(4.31), 228(4.18}, 268(4.11), 
2.88±0.05(294) 421(3.68) 1.0 217(4.21}, 270(4.03), 295(3.72), 
415(3.71) 
3,5-Diamino- 8.5 213(4.30), 232(4.14), 269(4.17), 7-methyl- 429(3.68} 
3.76±0.03(294) 1.0 218(4.26), 233~4.12), 265(4.08}, 2 6 9 ( 4 .. 0 8) , 295 3.69}, 424(3.70} 
3,5-Bis- 9.0 223(4.40), 281(4.14), 445(3.72) methyl amino- 1.0 226?4.28), 284(4.03), 295(4.00), 
3.30±0.05(315) 312 3.85), 450(3.72) 
3,5,7-Trismethyl-
amino 
9.0 228(4.22), 
475(3.66) 2 7 7 ( 4. 46) , 330(3.46), 
5.55±0.02(277) 1.0 221(4.24), 263(4.41), 326(3.60}, 
450(3.62} 
3,5-Bis- 9.0 223(4.39), 281(4.18), 450(3.69) 
methyl amino-
2 80 ( 4. 0 6) , 290(4.01), 7-methyl- 1.0 226(4.32), I 
310(3.79), 445(3.70) 4.15±0.05 (280) 
I 
........ 
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1,2-Dihtdro~yrimidotriazines 
5-Chloro-(HCl salt)i E 223, 334 
Other ~trimidotriazines 
3,5-Diamino- 7. 5 215(4.15), 236(3.98), 2 70 ( 4. 0 7), 7-chloro- 294(3.56), 425 ( 3 . 58) 
3,5-Dione 11.7 219(4 . 13), 261(4.06), 287(3.49), 
8.85±0.04(260) 413(3.68) 
6. 7 202(4.13), 219(4.01), 265(4.00), 4.70±0.04(260) 400(3.74) 
3,5,7-Trione 1.2 231(3.88), 273(3.83), 420(2.79) 
6.07±0.08(280) 10.9 242(4.24), 272(3.83), 425(3.59), 
8.56±0.06(280) 469(3.27) 
Others 
2-Ethoxy-4- C 233(3.81), 271(4.05), 285(3.93), (diethoxymethylene)- 297(3.64), 381(3.44) 
hydrazino-5-
nitropyrimidine 
6-Amino-3-ethoxy- 7.0 241(4.07), 394(3.52) 
1,2,4-triazine-
5-carboxamide 
2.08±0.01(276) 
Purines 
8-Ethoxy-7-methyl 1.0 274(4.08) 
3.48±0.02(290) 9.8 235(3.48), 275(4.05) 
6-Chloro-8-ethoxy- M 
9-methyl-
246(3.62), 275(4.00) 
6-Dimethylamino-8- 8.4 217(4.35), 278(4.29) 
ethoxy-9-methyl-
2.0 
4.64±0.01(300) 
214(4.33), 276(4.24), 286(4.19) 
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8-Ethoxy-9-methyl- 7.0 210(4.42), 270(4.24) 
6-methylamino-
1. 5 212(4.34), 272(4.22), 277(4.19) 4.37±0.05(291) 
8-Ethoxy- 11. 9 220(4.20), 282(3.98) 
2,6-dimethyl-
4.71±0.02(286) 6.6 210(4.27), 229(3.96), 277(3.97) 
8.74±0.01(290) 1.0 215(4.28), 279(3.98) 
8-Ethoxy-9-methyl- 5.2 226(4.21), 288(4.22), 294(4.23) 
6-methylthio-
-1.0 238(4.16), 274(3.53), 320(4.28) 
1.82±0.02(314) 
8-Ethoxy- 5.8 227(4.20), 288(4.22), 295(4.26) 
6-ethylthio-
9-methyl-
-1.0 239(4.16), 274(3.63), 320(4.28) 
e 
8-Ethoxy- M 228(3.99), 264(3.85), 300(3.68) 
2-ethylthio-
6,9-dimethyl-
9-Methyl-8-propoxy- 5. 5 
6-propylthio-
228(4.13), 287(4.16), 295(4.22) 
e -1.0 239(4.15), 274(3.62), 320(4.27) 
Thiazolo[5,4-dJ~trimidines 
2-Ethoxy- 6.7 
7-methylamino-
218(4.33), 
297(3.70) 
267(4.15), 272(4.16), 
e 1. 2 223~4.25~, 266(4.07), 273(4.12), 
j 296 3.91 
: 
2-Methylamino- 8.0 218(4.34), 265(4.15), 271(4.16), 
7-propoxy- 296(3.74) 
3.31±0.01(295) 1. 2 222(4.27), 264(4.07), 273(4.13), 
297(3.92) 
,, 
--
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Benzimidazoles 
2-Ethoxy- 14.0 245(3.57), 283(3.83) 
4.39±0.02(280) 8.3 235(3. 75), 242(3.38), 269(3.35), 
11.60±0.01(287) 275(3. 74), 281(3.69) 
2.0 221(3.90), 269(3.81), 275(3.79) 
2-Propoxy- 14.0 244(3.56), 283(3.83) 
e 
8.4 235(3. 79), 242(3.68), 269(3.65), -
275(3.78), 281(3.73) 
1.0 223(3.88), 270(3.81), 276(3.79) 
Na~hth[2,3-d]imida zoles 
2-Ethoxy- 14.0 250(4.82), 321(3.81), 333(3.85) 
4.07±0.01(246) 8. 1 240(4.87), 306(3 . 83), 313(3.82), 
319(3.79), 327(3.84) 
11. 15±0.01 ( 2 5 5) 
1.2 222(4.68), 234(4.82~, 238t4.80, 276( 3. 5 5) , 285(3. 79 , "2903.71), 
296(3. 78), 300(3.81), 309(3. 79), 
314(3.76), 323(3.80) 
2-Propoxy - 14.0 250(4.86), 321(3.89), 334(3.92) 
e 8.4 240(4.91), 306(3.89), 313(3.89), 
319(3.87), 327(3.91) 
1. 2 222(4.69), 235(4.84), 235(4.84), 
238(4.83), 276(3.49), 285(3.68), 
290(3.72), 296( 3. 80), 300(3.83), 
309(3.82), 314(3.79), 323(3.84) 
Imidazo[4,5-b]~tridines 
2-Ethoxy- 12.3 296(4.09) 
4.58±.01(300) 7.4 230(3.56), 286(4.08) 
9.97±0.04(300) 2. 1 212(3.92), 251(3.33), 301(4.21) 
2-Propoxy- 2.0 212(3.96), 251(3.37), 301(4.20) 
e 
I 
Footnotes to Table IV 
a At 20°; analytical A(nm) in parentheses. 
b C=cyclohexane; E=ethanol; M=methanol; 
numeral = pH of aqueous puffer. 
c Inflections or shoulders underlined; data for 
peaks <220nm are inexact. 
d Extinction coefficient not measured due to lack 
of sufficient sample. 
e Ionization assumed to approximate to that of 
homologue. 
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TABLE V 
PROTON MAGNETIC RESONANCE SPECTRA 
Compound Solvent~ 
Al koxypyr i midotriazines 
3,5-Diethoxy-
3,5,7-Triethoxy-
3-Ethoxy-5-methoxy-
3-Ethoxy-
5,7-dimethoxy-
C 
C 
C 
C 
3-Ethoxy-5-methoxy- C 
7-methyl-
3-Ethoxy-5-methoxy- C 
7-propoxy-
3,5-Dimethoxy- C 
3,5,7-Trimethoxy- C 
5-Methoxy-7-propoxy- C 
Alkoxy-aminopyrimidotriazines 
b a-Values-
8.98(s, H7), 4.79 ( q, ~7, CH 2) 
1.6O(t,~7, CH 3) 
4.69(m, CH 2), 1.SO(m, CH 3) 
8.99(s, H7), 4.75(q, i7, CH 2), 
4.3O(s, OMe), 1.58(t,i7, CH 3) 
4.71(q, ~7, CH 2), 4.32(s, OMe), 
4.26(s, OMe), 1.56(s, i7, CH 3) 
4.72(q, i7, CH 2), 4.25(s, OMe) 
2.Bl(s, CH 3), 1.57(t, i7, CH 3) 
4 .6(m, aand a 'CH 2), 4.31(s, OMe), 
1.98(sex., ~7, SCH 2), 
1.SB(t , i7, S 'CH 3), 
1.lO(t, i7, yCH 3) 
9.O4(s, H7), 4.36(s, br, OMe) 
4.28(s, 2CH 3), 4 . 24(s, CH 3) 
9.OS(s, H7), 4.69(t, ~7, aCH 2) 
4.34(s, OCH 3), 2.O2(sex., ~7, SCH 2) 
1. 13 ( t, i7, CH 3) 
5-Amino-3-ethoxy- D 8.58(s.9.., br, NH 2}, 8.58(s, H7) 
4.67(q, ~7, CH 2), 1.48(t, ~7, CH 3) 
3,5-Diamino-
7-ethoxy-
D 7 . 36(s.9.., br, NH 2), 4.3O(q, ~7,CH 2) 
1.34(t, ~7, CH 3) 
---
............ 
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5-Amino-3-ethoxy-
7-propoxy-
D 4.7(m, o: and o:'CH 2), 
1.90(m, SCH 2) , . 1.58(t, ~7. S'CH), 
1.08(t, y_7. yCH 3) 
3,5-Diamino-
7-methoxy-
D d 7.33(s-, br, NH 2) , 3.94(s, OMe) 
3-Amino-5-methoxy- D 5.77(s, OMe) , 2.55(s, CH 3) 7-methyl-
3,5-Diamino- D d b r, NH 2) , 4.28(t,~7,o:CH 2), 7.30(s-, : 7-propoxy-
l.73(sex., y_7. SCH 2) 
0.98(t, 
~7, CH 3) 
3-Ethoxy-7-methyl- C 4.71(q, ;}_7 ' CH 2) , 3.24(d, ;}_ 5 • CH 3N) 5-methylamino-
2.70(s, CH 3), 1. 5 5 ( t, ~7, CH 3) 
3-Ethoxy-5- D 8.64(s, H 7), 4.68{q, ;}_7 • CH 2) , methyl amino 
3.05(d£, y_5' NCH 3), 
1. 4 7 ( t, ~7, CH 3) 
3-Ethoxy- C 4.7(m, 0: and o: 1 CH 2), 5-methylamino-
7-propoxy- 3.26(d£, 
~5. NCH 3), 
l.91(sex., y_7. SCH 2), 
1.53(t, y_7, S'CH 3), 
1. 06 ( t, y_7' yCH 3) 
5-Methoxy-7-methyl- C 4.30(s, OMe) , 3.26(d, ;}_ 5 ' CH 3N), 3-methylamino-
2.74(s, CH 3) 
3,5-Bis- C 4.49(t, y_7. o:CH 2) methyl amino-
7-p ropoxy- 6.77(d£, ;}_ 5 , NCH 3) 
6.90(d£, y_5,NCH 3), 
1.90(sex., J7, SCH 2), 
1.05(t, y_7, yCH 3) 
Alkoxypyrimidotriazinones 
3-Ethoxy-5-one D 
3-Ethoxy- D 
5,7-dione 
3-Ethoxy- o2o 5,7-dione 
methyl ammonium 
salt 
3,7-Diethoxy-5-one D 
3-Ethoxy-6-methyl- D 
5-one 
3-Ethoxy-6-methyl- D 
5,7-dione 
3-Ethoxy-7-propoxy- C 
5-one 
3-Methoxy-5-one D 
Aminopyrimidotriazinones 
3-Amino-5-one 
3-Amino-6-methyl-
5-one 
3-Methylamino-
5-one 
3,7-Bis-
methylamino-
5-one 
D 
D 
D 
D 
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8.38(s, H7), 4 . 63(q, i7, CH 2) 
1.48(t, i7, CH 3) 
4.53(q, i7, CH 2), 4.ll(s1, br,NH), 
1.40(t, i7, CH 3) 
4.58(q, ~7, CH 2), 2.67(s, NMe), 
1.49(t, i7, CH 3) 
4.53(q, ~7, 2CH 2), l.42(t,i7, CH 3), 
1.38(t, i7, CH 3) 
8.66(s, H7), 4.63(q, i7, CH 2), 
3.55(s, NCH 3), 1.46(t, ~7, CH 3) 
4.54(q, ~7, CH 2), 3.26(s, NMe), 
1.41(t, i7, CH 3) 
4.7(m, a anda'CH 2), 
l.6(m, CH 3 and SCH 2), 
1.0S(t, ~7, CH 3) 
8.35(s, H7), 4.17(s, Me) 
8.09(s, H7), 7 .86(s, br, NH 2), 
4.20(s, br, NH) 
8.35(s, H7), 7.88(s, br, NH 2), 
3.29(s, CH 3) 
8.4(s, br, aNH), 8.07(s, H7), 
2.97(d, ~5, CH 3) 
2.92(m) 
-...... _ ... -----------------------1!1!!!!!1!!111!!!!!!1!!111!!!!!!!!!!1!!!!!!111!1!1!~11!111111111!!!11!1111•111 
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Aminopyrimidotriazines 
3,5-Diamino- D 
3,5-Bis- D 
methyl amino-
3,5,7-Tris- D 
methyl amino 
3,5-Bis- D 
methyl amino-
7-methyl-
1,2-Dihydropyrimidotriazines 
5-Chloro-3-ethoxy- D 
7-Chloro-3-ethoxy- D 
Other pyrimidotriazines 
5,7-Dione 
(disodium salt) 
Purines 
D 0 
2 
8-Ethoxy-9-methyl- C 
8-Ethoxy-7-methyl- C 
6-Chloro-8-ethoxy- C 
9-methyl-
6-Dimethylamino- C 
8-ethoxy-
9-methyl-
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8.46(s, H 7), 7.79(s, NH 2) 
8.50(s, b r, NH) , 8.38 ( s, H 7) , 
3.03(d, ~5, CH 3) , 3.0l(d, i5, CH 3) 
8.l(s, br, NH) , 7.5(s, br, NH), 
6.8(s, br, NH) , 2.9(m, CH 3) 
3.04(d, iS, CH 3N), 
3.0l(d, i5, CH 3N), 2.48(s, CH 3) 
8.31(s, b r, NH) , 7.55(s, H 7), 
4.02(q, i7, CH 2) , 1.23(t, i7, CH 3) 
d 9.33(s-, br, NH) , 
' d 8.80(s-, br, NH) , 6.72(s, H 5) , 
4.00{q, i7, CH 2) , 1.22(t, i7, CH 3) 
8.28{s, H7) 
8.87(s, H2), 8.81(s, H6), 
4.71{q, i7, CH 2) , 3.66{s, NMe) 
1.Sl(t, i7, CH 3) 
9.0l(s, H 2) , 8.58{s, H6) , 
4.79(q, i7, CH 2) , 3.63(s, NMe) , 
1.53(t, i7' CH 3) 
8.58{s, H2), 4.75(q, i7, CH 2), 
3.65(s, NMe) , 1.53(t, i7, CH 3) 
8.36(s, H 2) , 4.60(q, i7, CH 2) , 
3.54(s, NMe) , 3.46{s, NMe 2), 
1.47(t, i7, CH 3 J 
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8-Ethoxy-9-methyl- C 8.39(.s, 
6-methylamino-
H 2) , 4.57(q, i7, CH 2) , 
3.58(s, NMe) , 3.16(d, i5, 6-NMe), 
1.47(t, i7 , CH 3) 
8-Ethoxy- C 4.67(q, i7, CH2) , 2.78(s, CH), 2,6-dimethyl-
2.70(s, CH 3) , 1.48(t, i7, CH 3) 
8-Ethoxy-9-methyl- C 8.64(s, H 2) , 4.68(q, i7, CH 2) , 6-methylthio-
3.64{s, NMe) , 2.7l(s, SMe) , 
1.49{t, i7, CH 3) 
8-Ethoxy- C 8.61{s, H 2) , 4.68(q, i7, OCH 2), 6-ethylthio-
9-methyl- 3.58{s, NMe) , 3.38{q, i7, SCH 2), 
1.49(t, i7, CH 3 of 0 Et) , 
1.43(t, i7, CH 3 of SEt) 
8-Ethoxy-2- C 4.65(q, 
ethylthio- i7' 
0 CH 2) , 3.56(s, NMe) , 
6,9-dimethyl- 3.24(q, i7, SCH 2), 2.64{s, CH 3) , 
1.50{t, i7, CH 3 of O Et) , 
1.4l(t, i7, CH 3 of SE t) 
9-Methyl-8-propoxy- C 8.61(s, H 2) , 4.59(t, i7, OCH 2), 6-propyl thi o-
3.59(s, NMe) , 3.37(t, i7, SCH 2) , 
1.87(m, both C-CH 2), 
1.07(t, i7' both C-CH 3) 
8-Methylthio- D 8.94(s, H 2) , 8.84{s, H 6) , 
2.77(s, Me) 
Thiazolo[5,4-dJ~trimidines 
2-Ethoxy- C 8.47(s, H 5) , 4.58(q, i7, CH 2) , 7-methylamino-
3.19(d, i5, NMe) 
1.47(t, i7, CH 3) 
7-methylamino- C 8.44(s, H 5) , 4.45(t, i7. SCH 2), 2-propoxy-
3.15(d, i5, NMe) , 
1.87(sex., i7, CH 2) , 
1.03(t, ~7, CH 3) 
--
Benz i midazoles 
2-Ethoxy-
2-Propoxy-
C 
C 
Naphth[2,3-d]imidazoles 
2-Ethoxy- C 
2-Propoxy- C 
Imidazo [ 4,5-b ] ptridines 
2-Ethoxy- C 
2-Propoxy- C 
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7.25(m, H4,5,6,7), 
4.63(q, i7, CH 2), 1 .44(t, i7, CH 3) 
7.30(m H4,5,6, 7), 
4.55(t, i7, OCH 2), 
1.86(sex., i7, CH 2), 
0.99(t, i7, CH 3) 
7.86(m), 7.38(m), 
4.59(q, i7, CH 2), 1.42(t, i7, CH 3) 
7.80(m), 7.37(m), 
4.58(t, i7, OCH 2), 
1.88(sex., i7, C-CH 2), 
1.02(t, i7, CH) 
8.27(q, 
~5,6 5, ~5, 71. 4, H 5) , 
7.88(q, 
~, 78, ~5, 7 l. 4, H7), 
7.18(q, 
~s,6 5 ' ~, 78' H 6) , 
4.70(q, i7, CH 2) , 1. 51 ( t, i7, 
8.22(q, is,6s, ~5, 7 l. 4 ' H 5) , 
7.86(q, 
~, 78, is, 71. 4 ~ H 7), 
7.15(q, is,6s, i5,78, H 6) , 
4.58(t, i7' OCH 2), 
1.94 (sex., i7, C-CH 2), 
1.07(t, i7, CH) 
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Pyrimidines~ 
4-Amino-5-Bm- C 8.42(s, H 2) , 8.00(s, H6) , 
5.30(br s, NH2), 2.55(s, both Me) 
5-Amino-4-chloro- D d br, NH) , 7.75(s, H 2) , 8.45(s-, 6-DEMhydrazino- d 5.20(s-, br, NH 2) , 
4.26(q, '1.7, CH 2 ) , 4.21(q, '1.7, CH 2) , 
1.32(t, '1.7, CH 3) , 1.27(t, ,]__7 ' CH 3) 
4-Amino-6-chloro C 8.15(s, H2) , 5.32(br s, NH 2 ) , 5-DEMamino-
4.35(q, ,]__7' both CH 2) , 
1. 34 ( t, ,]__7' both CH 3) 
4-Amino-5-DEMamino- C 8.26(s, H 2) , 8.19(s, H6) , 
5.54(br s , NH 2), 
4.26(q, ,]__7 ' both CH 2) , 
1.32(t, 
'1.7 ' both CH) 
5-Amino-4- C 8.27(s, 
ethylthio-
H 2) , 5.20(br s , NH 2) , 
6-methylamino- 3.20(q, ,]__7, CH 2) , 
3.0l(d, ,]__5, NMe) , 
l.33(t, J7, CH 3) 
2-Chloro- C 8.51(s, br, NH) , 8.02(s, H4) , 5-DEMamino-
4-DEMhydrazino- 4.30(m, CH 2) , 1. 3 3 ( t, ,]__7, CH 3) 
5-DEMamino- C 
2-ethylthio-
4.30(q, ,]__7, both OCH 2), 
4-methyl- 3.16(q, ,]__7 ' SCH 2), 6-methylamino-
2.99(d, 
~5' NMe) , 2.ll(s, 4-Me), 
1.39(m, Me of SEt and both OEt) 
5-DEMamino- C 
4-ethylthio-
8.30(s, H 2) , 
6-methylamino- 4.32(q, ~7. both OCH 2), 
3.15(q, 
~7. SCH 2), 
3.00(d, ,]__5' NMe) , 
1.33(t, ,]__7, a 11 C-Me) 
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5-DEMamino- C 8.36(s, H2}, 4.33(q, i7,both CH 2) , 4-methylamino-
6-methylthio- 3.02(d, i5, NMe) , 2 . Sl(s, SMe) , 
l.36(t, i7, both C-Me) 
4-DEMhydrazino- D 4.26(q, 
2-methoxy-
i, CH 2) , 3.90(s, OMe) , 
6-methyl-5-nitro- 2.55(s, CH 3) , 1.32(t, i7, CH 3) , 
1.30(t, i7' CH 3) 
4-DEMhydrazino- D 4.22(q, i7' CH 2), 3.95(s, OMe) , 6-methoxy-
2-methyl-5-nitro- 2.38(s, CH 3) , 1.29(t, i7, CH 3) 
4-DEMhydrazino- D 9.04(s, H 4) , 4.30(q, i7, CH 2) , 2-methoxy-
5-nitro- 3.94(s, OMe) , 1.34(t, i7, CH 3) , 
1.31(t, i7' CH 3) 
4-DEMhydrazino- D 8.24(s, H 2) , 4.20(q, i7, CH 2) , 6-methoxy-
5-nitro- 3.95(s, OMe) , 1.26(t, J 7' CH) 
4,6-Bis- C 4.40(m, CH 2) , 2.52(s, 2-Me}, (DEMhydrazino)-
2-methyl-5-nitro- 1.39(t, i7, CH 3) 
4-DEMhydrazino- D 4.19(m, CH 2) , 2.36(s, CH 3) , 2,6-dimethyl-
5-nitro- 1.27(t, i7, Me of Et) 
4-DEMhydrazino- C 9.13(s, H 4} , 4.37(m,a and a'CH 2), 5-nitro-2-propoxy-
1 . 9 3 (Se X. , i7, SCH 2 )', 
1. 4 2 Ct, i7, SCH), 
1.04(t, i7' yCH 3) 
4-DEMhydrazino- D 9.07(s, CH) , 8.70(s, CH) , 
5-nitro-
4.29(q, i7, CH 2) , 
1.34(t, i7, CH 3) , 
1.31(t, i7' CH 3) 
4-DPMhydrazino-~ C 8. 39 ( s , H 2) , 4.20(m, aCH 2) 6-methoxy-5-nitro-
4.09(s, OMe) , 
1.78(sex., i7, SCH 2), 
1.04(t, ~7, CH 3) 
---- ~~ -
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2-Ethoxy- C 9.14(s, H4}, 4.44(m, CH 2) , 4-DEMhydrazino -
5-nitro- 1. 45 ( t, i7' CH 3) 
4-Hydrazino-5-one D 7.75(s, H 2) , d 7.75(s-, b r, NH) , 
5.28(s, HS) 
4-Hydrazino-5-nitro- D 8.98(s, H 4) , 4.36(t, i7, aC H 2) , 2-propoxy-
1.76(sex., i7, !3CH 2), 
0.98(t, i7, CH 3) 
5-Nitro-2,4- C 9.09(s, H 6) , 4.54(t, i7, a CH 2) , dipropoxy-
4.43(t, i7, aCH 2), 
1.90(sex., i7, !3CH 2), 
1. 06 ( t, i7, CH 3) 
1,2,4-Triazines 
6-Acetamido- D 4.58(q, i7, CH 2) , 3-ethoxy-
5-carboxamide 2.14(s, CH 3 of Ac), 
1.14(t, i7, CH 3) 
6-Amino-3-ethoxy- D 7.19(s, NH 2) , 4.44(q, i7, CH 2) , 5-carboxamide 
1.35(t, i7, CH 3) 
6-Amino-3-ethoxy- D 9.14(s, b r, NH) , 7.20(s, NH 2) , 5-N-methyl-
carboxamide 4.45(q, i7, CH 2) 
2.81(d, i5' NMe) , 
1.37(t, i7, CH 3) 
6-Amino-3-ethoxy- D 
5-one 
6.16(s, b r, NH 2) , 
4.33(q, i7, CH 2) 
1.28(t, i7' CH 3) 
d br, NH) , d NH 2) , 6-Amino- D 8.86(s-, 6.61(s-, 3-methylamino-
C NMe) , 5-ii-methyl- 2.88(d-, i5, 
carboxamide 
C 2.82(d-, i5, CH) 
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3-Ethoxy-
6-ethoxycarbonyl-
D 4.59(q, 
~7' CH 2) , 4. 18 ( q , ~7 , CH 2) , 
amino- 1.41(t, ~7, CH 3) , 1.24(t,~7, CH 3) 5-carboxamide 
3-Ethoxy- C 4.69(q,~7, CH 2} , 4. 34 ( q ,~7, CH 2) , 6-ethoxycarbonyl-
amino-5-~-methyl- 3.05(d, 
~5' NMe) , 1.50(t,~7, CH 3) , carboxamide 
1.36(t, ~7, CH 3) 
Methyl 6-amino- D 4.43(q, 
3-ethoxy-
~7, CH 2) , 3.95(s, OMe) , 
5-carboxylate 1.37(t, ~7, CH 3) 
Footnotes to Table V 
a C=CDC1 3 ; D=(CD 3}2SO 
b Relative values to tetramethylsilane; 
s(singlet), d(qoublet), t(triplet), q(quartet}, 
sex. (sextet), m(multiplet), br(broad singlet); 
J values in c.p.s. 
c Collapsed to a singlet on addition of D20. 
d Disappeared on addition of o2o. 
e Bm=(MeS) 2C:N ; DEM=(Et0) 2C: 
' 
CHAPTER III 
EXPERIMENTAL DETAILS 
1. General Data 
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Analyses were done by Dr J.E. Fildes and her staff 
in the Analytical Services Unit. Proton magnetic 
resonance spectra were recorded by Mr S.E. Brown 
using a Perkin-Elmer Rl0 60-MHz instrument at 33.5° 
against tetramethylsilane as internal standard. Mass 
spectra were recorded by Dr J.K. MacLeod of the 
Research School of Chemistry on an MS-9 instrument at 
70ev.; samples were introduced by direct probe. 
Ultraviolet spectra were measured on a Shimadzu RS27, 
Unicam SP800 or 1800 recording spectrophotometer and 
peaks were checked on a Unicam SP500 or Optica manual 
instrument. Ionization constants were obtained 
spectrometrically at 20° at concentrations below 
l0- 4M in buffers (Perrin, 1963) of 10-2~ ionic 
strength using methods outlined by Albert and 
Serjeant (1971); for low values of pH the acidity 
function (H) solutions (Paul and Long, 1957) were 0 
used; no thermodynamic corrections were applied. 
Infrared spectra were recorded with a Unicam SP200 or 
1000 instrument using Nujol mulls. Melting points 
were determined in glass capillaries inserted in an 
electrically heated block (Townson & Mercer Ltd.) and 
were uncorrected. 
--
Methanol and ethanol were obtained from the Merck 
Co. Anhydrous propanol was prepared by treatment 
with sodium and ethyl phthalate followed by 
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distillation. Commercially available mercuric oxide 
(AJAX Chemicals Ltd.) was used for oxidations. 
The names of new compounds are underlined at their 
first mention in the body of the experimental text. 
Names which are headings are also underlined, but 
this does not necessarily indicate that the compound 
is new. The convention has been adopted of fully 
underlining the whole of each heading although certain 
portions (e.g. as, e, or N) strictly should lack such 
underlining (in lieu of italics). 
2. Syntheses 
4-(Diethoxymethylene)hydrazino-5-nitropyrimidine 
4-Hydrazino-5-nitropyrimidine, prepared by 
hydrazinolysis of its 4-methoxy-analogue (Biffin, 
Brown, and Porter, 1968) was obtained as orange 
crystals which decomposed 148-149° after drying for 
2 hat 65°/0.l mm [cf lit. (Biffin, Brown, and Porter, 
1968) red crystals, m.p. 151°] (Found: C, 31.0; 
H, 3.4; N, 45.3. Cale. for c4H5N5o2 : C, 31.0; 
H, 3.3; N, 45.2%). This hydrazinopyrimidine (2.0 g), 
tetraethoxymethane (Roberts and McMahon, 1952; 16 ml), 
and ethanol (40 ml) were heated under reflux for 6 h. 
The residue from evaporation under reduced pressure 
was extracted with boiling cyclohexane (3 x 100 ml). 
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The concentrated extracts gave the diethoxymethylene-
hydrazinonitropyrimidine (1.06 g), m.p. 117-119° 
(from cyclohexane) (Found: C, 42.l; H, 5.3; N, 27.8. 
c9H13N5o4 requires c, 42.4; H, 5.1; N, 27.4%). 
4-(Diethoxymethylene)hydrazino-6-methoxy-5-nitropyrim-
idine 
4-Hydrazino-6-methoxy-5-nitropyrimidine (Biffin, 
Brown, and Lee, 1967; 7.6 g) was added during 5 min to 
stirred tetraethoxymethane (20 ml) boiling under 
reflux. After a further 10 min the mixture was 
cooled. The sticky precipitate was filtered off, 
sucked dry, and then extracted with boiling 
cyclohexane (2 x 200 ml). Concentration of the 
extracts gave the diethoxymethylenehydrazino-6-
methoxynitropyrimidine (7.7 g), m.p. 121-123° (from 
cyclohexane) (Found: C, 42.l; H, 5.4; N, 25.0. 
c10H15N5o5 requires C, 42.l; H, 5.3; N, 24.6 %). 
3-Ethoxy-5-methoxypyrimido[5,4-e]-as-triazine 
The foregoing pyrimidine (3.54 g) was hydrogenated 
in methanol (500 ml) over palladium-charcoal (10%; 
0.9 g). The fitrate was stirred and boiled under 
reflux with yellow mercuric oxide (8.3 g) for 2 h. 
The suspension was evaporated to dryness under reduced 
pressure. The residue was extracted with boiling 
light petroleum (b.p. 60-80°; 4 x 200 ml). Concentr-
ation of the extracts gave the 3-ethoxy-5-methoxypyr-
imidotriazine (1.7 g), m.p. 139-140° (from light 
petroleum, followed by sublimation at 80°/0.15 mm) 
(Found: , C, 46.4; H, 4.5; N, 34.5. C8H9N5O2 
requires C, 46.4; H, 4.4; N, 33.8 %). The use 
of silver oxide or manganese dioxide (40 min) in 
place of mercuric oxide gave lower yields of a less 
pure product. 
3,5-Diethoxy- and 3,5-dimethoxy-pyrimido[5,4-e]-as-
triazine 
3-Ethoxy-5-methoxypyrimidotriazine (0.5 g) was 
transetherified by boiling under reflux in ethanol 
(200 ml) with silver oxide (2.5 g) for 13 h or with 
manganese dioxide (8 g) for 2 h. The filtered 
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solution was evaporated to dryness under reduced 
pressure. Extraction of the residue with boiling 
light petroleum and subsequent evaporation of the 
extract gave the diethoxypyrimidotriazine (c. 0.4 g), 
m.p. 90-91° (from light petroleum) (Found: C, 49.3; 
H, 5.3; N, 32.1. c9H11N5o2 requires c, 48.9; 
H, 5.0; N, 31.7 %) M+·221. 
Replacement of ethanol by methanol in the above 
process led to the dimethoxypyrimidotriazine 
0 (c. 0.16 g), m.p. 152-153 (from ethanol) (Found: 
C, 43.9; H, 4.2; N, 36.6. 
C, 43.5; U, 3.7; N, 36.3%). 
3,5-Diaminopyrimido[5,4-e]-as-triazine 
· 3-Ethoxy-5-methoxypyrimidotriazine (0.70 g) and 
saturated methanolic ammonia (50 ml) were heated in a 
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sealed tube at 110° for 18 h. Refrigeration gave the 
diamino-analogue (0.41 g), m.p.>340° (from water) 
(Found: C, 36.7; H, 3.3; 
requires C, 36.8; H, 3.1; 
N, 60.2. c5H5N7 
N, 60.1%). 
3,5-Bismethylaminopyrimido[5,4-e]-as-triazine 
3-Ethoxy-5-methoxypyrimidotriazine (0.3 g) and 2% 
ethanolic methylamine (100 ml) were allowed to stand 
at 25° for 12 h. The residue from evaporation 
crystallized from methanol to give the bismethylamino-
pyrimidotriazine (0.21 g), m.p. 267-268° (Found: 
C, 43.8; H, 4.9; N, 51.2. 
C, 44.0; H, 4.7; N, 51.3%). 
5-Arnino-3-ethoxypyrimido[5,4-e]-as-triazine 
Saturated methanolic ammonia (5.0 g) was added in 
drops during 10 min to a stirred solution of 3-ethoxy-
5-methoxypyrimidotriazine (0.23 g) in ether (150 ml) 
at 25°. After 36 h the solution was evaporated in 
vacuo. The residue crystallized from water to give 
5-amino-3-ethoxypyrimidotriazine (0.14 g), m.p. >242° 
(decomp.) (Found: C, 43.5; H, 4.1; N, 43.7. 
c7H8N6o requires C, 43.7; H, 4.2; N, 43.7 %). 
3-Ethoxy-5-methylaminopyrimido[5,4-e]-as-triazine 
A mixture of 15% ethanolic methylamine (4 g) and 
ether (20 ml) was added during 30 min to a stirred 
solution of the 3-ethoxy-5-methoxypyrimidotriazine 
(0.3 g) in ether (150 ml) at 25°. After a further 
15 min the solution was evaporated in vacuo (25°). 
After recrystallization from methanol, the residual 
3-ethoxy-5-methylarninopyrimidotriazine (0.24 g) had 
m.p. >247° (decomp.) (Found: C, 47.0; H, 5.1; 
N, 40.7. c8H10N6o requires C, 46.6; H, 4.9; 
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N, 40.8%). The same product was obtained using meth-
anolic methylamine in place of ethanolic methylamine. 
4-(Diethoxyrnethylene)hydrazino-2-methoxy-6-methyl-
5-nitropyrimidine 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
(Brown and Sugimoto, 1970b; 3.0 g), tetraethoxyrnethane 
(10 ml), and ethanol (200 ml) were heated under reflux 
for 60 h. Treatment as for the analogues above 
produced a crude product which on trituration with 
light petroleum gave the diethoxyrnethylenehydrazino-
2-methoxy-6-methylnitropyrimidine (3.45 g), m.p. 
103-104° (Found: C, 44.3; H, 5.6; N, 23.6. 
c11H17N5o5 requires C, 44.1; H, 5.7; N, 23.4 %). 
4-(Diethoxyrnethylene)hydrazino-6-methoxy-2-methyl-
5-nitropyrimidine 
4-Hydrazino-6-methoxy-2-methyl-5-nitropyrimidine 
(Biffin, Brown, and Sugimoto, 1970; 10.0 g) was added 
during 10 min to stirred tetraethoxymethane (20 ml) 
boiling under reflux. After heating for a further 
50 min, the solution was cooled. The pasty solid was 
filtered off and sucked dry. Extraction with boiling 
light petroleum (b.p. 60-80°; 2 x 200 ml) and 
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concentration of the extracts gave the diethoxymethyl-
enehydrazino-6-methoxy-2-methyl-5-nitropyrimidine 
(10.6 g). A sample, purified by t.l.c. (silica gel/ 
ethyl acetate) followed by sublimation (105°/0.05 mm), 
had m.p. 110-111° (Found: C, 44.5; H, 5.8; N, 23.1. 
c11H17N5o5 requires C, 44.1; H, 5.7; N, 23.4 %). 
When crude starting material [containing some 
4,6-dihydrazino-2-methyl-5-nitropyrimidine (Biffin, 
.Brown, and Lee, 1967a)] was used above, the light 
petroleum extraction left behind a residue of 
4,6-bis[(diethoxymethylene)hydrazino]-2-methyl-5-
nitropyrimidine, m.p. 229° (decomp.) (from benzene) 
(Found: C, 44.7; H, 6.0; N, 24.8. c15H25N7o6 
requires C, 4 5 .1; H, 6. 3; N, 2 4. 6 % ) . 
3-Ethoxy-5-methoxy-7-methylpyrimido[5,4-e]-as-triazine 
4-Diethoxymethylenehydrazino-6-methoxy-2-methyl-
5-nitropyrimidine (2.8 g) was hydrogenated as its 
2-demethyl-homologue. The filtrate and silver oxide 
or yellow mercuric oxide (8 g) were rocked in a sealed 
tube at 100° for 3 h. The residue from evaporating 
the mixture in vacuo was extracted with boiling light 
petroleum (4 x 200 ml). Concentration of the extracts 
and recrystallization of the solid from methanol gave 
the ethoxymethoxymethylpyrimidotriazine (0.5 g), m.p. 
169-171° (after sublimation at 100°/0.2 mm) (Found: 
c, 48.6; H, 5.1; N, 32.0. c9H11N5o2 reqµires 
C, 48.9; H, 5.0; N, 31.7 %). 
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3,5-Diamino-7-methylpyrimido[5,4-e)-as-triazine 
The foregoing pyrimidotriazine (0.43 g) and 
saturated methanolic ammonia (50 ml) were heated at 
103-105° for 18 h. Evaporation gave the diaminomethyl 
-pyrimidotriazine (0.33 g) decomposing above 315° 
after recrystallization from water (Found: C, 40.6; 
H, 4.3; N, 55.4. 
N, 55.4%). 
7-Methyl-3,5-bismethylaminopyrimido[5,4-e]-as-triazine 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine 
(0.3 g) was stirred in ethanolic methylarnine (5 %; 
100 ml) at£. 25° for 40 h. Evaporation in vacuo and 
recrystallization of the residue from methanol gave 
the methylbismethylaminopyrimidotriazine (0.23 g), 
decomposing above 245° (Found: C, 46.6; H, 5.5; 
N, 48.1. 
N, 47.8 %). 
c8tt11N7 requires C, 46.8; H, 5.4; 
3-Amino-5-methoxy-7-methylpyrimido[5,4-e)-as-triazine 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine 
(0.3 g), methanol (100 ml), and saturated methanolic 
ammonia (1 g) were stirred at£· 25° for 12 h. 
Evaporation under reduced pressure followed by t.l.c. 
of the residue [silica; chloroform+ methanol (9:1)] 
gave the arninomethoxymethylpyrimidotriazine (0.18 g), 
which decomposed above 220° without melting (Found: 
c, 43.4; H, 4.2; N, 43.8. c7tt 8N6o requires 
C, 43.7; H, 4.2; N, 43.7 %). 
3-Ethoxy-7-methyl-5-methylamino- and 5-methoxy-7-
methyl-3-methylamino-pyrimido[5,4-e]-as-triazine 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine 
(0.19 g), ether (200 ml), and ethanolic methylamine 
(15 %; 3 g) were stirred at 20-25° for 4 h. Evapor-
ation and t.l.c. (alumina; ethyl acetate) of the 
residue gave the ethoxymethylmethylaminopyrimido-
triazine (Rf 0.5), m.p. 215° (decomp.) (after 
sublimation at 110°/0.004 mm) (Found: C, 49.3; 
H, 5.5; N, 38.6. c9H12N6o requires C, 49.1; 
H, 5.5; N, 38.2 %) and the methoxymethylmethylamino-
analogue (Rf 0.4), m.p. £· 194° (after sublimation) 
which tenaciously retained a trace of the above 
analogue (Found: C, 47.05; H, 5.4; N, 39.4. 
Cale. for CaH10N6O: c, 46.6; H, 4.9; N, 40.8 %). 
4-(Diethoxymethylene)hydrazino-2-methoxy-5-nitro-
pyrimidine 
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4-Hydrazino-2-methoxy-5-nitropyrimidine (Brown and 
Sugimoto, 1970b; 2.5 g) was treated as its 6-methyl 
derivative (above) with tetraethoxymethane to give 
the diethoxymethylenehydrazino-2-methoxynitropyrimid-
ine (2.0 g) which had m.p. 126° after purification by 
t.l.c. (silica; ethyl acetate) and sublimation 
(110°;0.1 mm) (Found: C, 42.4; H, 5.5; N, 24.5. 
c10H15N5o5 requires C, 42.1; H, 5.3; N, 24.6 %). 
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3-Ethoxy-5,7-dimethoxypyrimido[5,4-e]-as-triazine 
The foregoing pyrimidine (2.0 g) was converted, as 
its 2-methyl-analogue, by hydrogenation (in methanol) 
and subsequent treatment with silver oxide, i nto the 
ethoxydimethoxypyrimidotriazine (0.15 g), m.p. 157° 
(from methanol) (Found: C, 45.7; H, 4.8; N, 29.7. 
c9H11N5o3 requires C, 45.6; H, 4.7; N, 29.5 %). 
When ethanol was used in the hydrogenation and 
subsequent oxidative step only the unreduced trans-
etherified by-product, 4-(diethoxymethylene)hydrazino 
-2-ethoxy-5-nitropyrimidine, m.p. 98-100° (from light 
petroleum) (Found: C, 44.2; H, 5.6; N, 23.3. 
c11H17N5o5 requires C, 44.1; H, 5.7; N, 23.4 %) 
was isolated (in small yield). 
5-Nitro-2,4-dipropoxypyrimidine 
A solution of 2,4-dichloro-5-nitropyrimidine 
(Whittaker, 1951; 29.3 g) in anhydrous propanol 
(200 ml) was stirred at 15-20° while propanolic 
sodium propoxide (200 ml; from 7 g sodium) was added 
dropwise during 30 min. The mixture was then boiled 
under reflux for 30 min and cooled. Evaporation of 
the filtrate and distillation of the residue 
(~. 138°/0.5 mm) gave the nitrodipropoxypyrimidine, 
m.p. 32-33° (from light petroleum) (Found: C, 50.0; 
H, 6.3; N, 17.4. c10H15N3o4 requires C, 49.8; 
H, 6.3; N, 17.4 %). 
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4-Hydrazino-5-nitro-2-propoxypyrimidine 
A mixture of the foregoing nitrodipropoxypyrimidine 
(15 g), hydrazine hydrate (98 %; 3.18 g), and ethanol 
(300 ml) were maintained at 9. 25° for 12 hand then 
filtered. The residue from evaporation of the 
filtrate was triturated with light petroleum and then 
recrystallized from ether. The hydrazinonitropropoxy-
pyrimidine (11.1 g) had m.p. 83-84° (with shrinkage 
from 9. 74°) (Found: C, 39.6; H, 5.1; N, 33.4. 
c7H11N5o3 requires C, 39.4; H, 5.2; N, 32.9 %). 
The compound showed no trace of an isomer on t.l.c. 
in several systems. 
4-(Diethoxymethylene)hydrazino-5-nitro-2-propoxy-
pyrimidine 
The foregoing hydrazinopyrimidine (5.0 g) was added 
during 10 min to stirred tetraethoxymethane boiling 
under reflux. After 3 h the solution was cooled. The 
solid diethoxymethylenehydrazino derivative (5.1 g) 
had m.p. 100-101° (from light petroleum) (Found: 
C, 46.0; H, 6.2; N, 22.7. 
C, 46.0; H, 6.1; N, 22.4 %). 
3-Ethoxy-5-methoxy-7-propoxypyrimido[5,4-e]-as-
triazine 
The above diethoxymethylenehydrazino derivative 
(4.0 g) was hydrogenated in methanol (80 ml) over 
palladium-charcoal (10 ~ ; 1.0 g). The filtered 
solution was rocked with yellow mercuric oxide (12 g) 
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in a sealed tube at 100° for 2 h. Filtration and 
subsequent evaporation of the filtrate gave a residue 
which was extracted with boiling light petroleum 
(b.p. 60-80°; 3 X 100 ml). Evaporation o f the 
extracts gave an oily residue which crystallized from 
a little methanol: the ethoxymethoxypropoxypyrimido-
triazine (0.2 g) had m.p. 122-123° (Found: C, 49.8; 
H, 5.8; N, 26.5. 
H, 5.7; N, 26.4%). 
4-(Diethoxymethylene)hydrazino-2,6-dimethyl-5-nitro-
pyrimidine 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine (Biffin, 
Brown, and Sugimoto, 1970; 3.0 g), tetraethoxymethane 
(10 ml), and ethanol (200 ml) were boiled under reflux 
for 12 h. The residue from evaporation was extracted 
by boiling light petroleum (100 ml). Concentration 
of the extract gave the diethoxymethylenehydrazino-
o dimethylnitropyrimidine (3.8 g), m.p. 86-87 (Found: 
C, 46.3; H, 5.9; N, 25.1. 
C, 46.6; H, 6.1; N, 24.7 %). 
5-Amino-3-ethoxy-7-propoxypyrimido[5,4-e]-as-triazine 
Saturated methanolic ammonia (10 ml) was added 
rapidly to a stirred solution of 3-ethoxy-5-methoxy-
7-propoxypyrimidotriazine (0.13 g) in methanol (15 ml) 
at 0-5°. After a further 30 min at~- 15°, the 
mixture was evaporated to dryness under reduced 
pressure (15-20°). The residue recrystallized from 
water to give the aminoethoxypropoxypyrimidotriazine 
(0.1 g), m.p. 209-210° (decomp.) (Found: C, 47.7; 
H, 5.5; N, 33.6. 
H, 5.6; N, 33.6 %). 
3-Ethoxy-5-methylamino-7-propoxypyrimido[5,4-e]-as-
triazine 
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Ethanolic methylamine (10 %; 0.9 g) was added 
dropwise during 10 min to a stirred solution of 
3-ethoxy-5-methoxy-7-propoxypyrimidotriazine (0.07 g) 
in ethanol (50 ml) at -10°. After a further 10 min 
the solution was evaporated at o0 in vacuo. 
Recrystallization of the residue from methanol gave 
the 5-methylaminopyrimidotriazine (0.05 g), m.p. 
0 160-161 (decomp.) (Found: C, 49.5; H, 6.1; N, 31.6. 
c11H16N6o2 requires C, 50.0; H, 6.1; N, 31.8 %). 
3,5-Diamino-7-methoxypyrimido[5,4-e]-as-triazine 
3-Ethoxy-5,7-dimethoxypyrimidotriazine (0.10 g) 
and saturated methanolic ammonia (50 ml) were heated 
in a sealed tube at 100° for 18 h. The residue from 
evaporation recrystallized from water to give the 
diaminomethoxypyrimidotriazine (0.06 g), decomp. >275° 
(Found: C, 37.2; H, 3.7; N, 50.4. C6H7N70 
requires C, 37.3; H, 3.7; N, 50.8 %). 
3,5-Diamino-7-ethoxypyrimido[5,4-e]-as-triazine 
Similar ammonolysis of triethoxypyrimidotriazine 
(0.1 g) using methanolic ammonia (15 ml) at 150° gave 
the diaminoethoxypyrimidotriazine (0.04 g), m.p. 
>260° (from methanol) [Found (after drying in air): 
C, 39.9; H, 4.9; N, 46.5. c7H9N7O. 0.25H2O 
r equires C, 39.7; H, 4.5; N, 46.3 %]. 
3,5-Di amino-7-propoxypyrimido[5,4-e]-as-triazine 
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Similar ammonolysis of 3-ethoxy-5-methoxy-7-
propoxypyrimidotriazine (0.14 g ) using methanolic 
ammonia (15 ml) at 100° gave the diaminopropoxypyrim-
idotr iazine (0.05 g), m.p. >270° [after purification 
by t.l.c . on silica (chloroform+ methanol, 9:1)] 
(Found: C, 43.6; H, 4.9; N, 44.9. C9H11N7O 
requires C, 43.4; H, 5.0; N, 44.3 %). 
3,5-Bi smethylamino-7-propoxypyrimido[5,4-e]-as-
triazine 
A solution of 3-ethoxy-5-methoxy-7-propoxypyrim-
idotriazine (0.25 g) in ethanolic methylamine (10 %; 
100 ml) was sti rred at 28-30° for 55 h. The residue 
from evaporation crystallized from water to give the 
bismethylamino derivative (0.14 g), m.p. 200-201° 
(Found: C, 47.8; H, 5.8; N, 38.8. c10H15N7O 
requi res C, 48.2; H, 6.1; N, 39.3 %). 
3,5,7-Trismethylaminopyrimido[S,4-e]-as-triazine 
Trie thoxypyrimidotriazine (0.2 g) and methanolic 
methylamine (10 %; 50 ml) were heated in a sealed tube 
at 148-150° for 24 h. The residue from evaporation 
crystallized from methanol to give trismethylamino-
pyrimidotriazine (0.14 g), m.p. >257° (decomp.) 
(Found, after drying at 110°;0.1 mm for 2 h: 
C, 43.1; H, 5.8; N, 48.5. C8Hl2N8. ¼CH3OH 
requires C, 43.4; H, 5.7; N, 49.1%). 
5-Arnino-4-chloro-6-(diethoxymethylene)hydrazino-
pyrimidine 
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5-Arnino-4-chloro-6-hydrazinopyrimidine (Montgomery 
and Temple, 1960; 0.50 g) was stirred in refluxing 
tetraethoxyrnethane (5 ml) for 1 h. Refrigeration 
gave the diethoxymethylene derivative (0.68 g), m.p. 
126-128° (from acetone) (Found: C, 41.7; H, 5.2; 
N, 27 . 2. 
N, 27.0 %), which could be kept for more than a few 
days only in a refrigerator. 
5-Chloro-3-ethoxy-l,2-dihydropyrimido[5,4-e]-as-
triazine 
The foregoing diethoxymethylenehydrazinopyrimidine 
(1.84 g) was dissolved in ethanol (100 ml) containing 
12~ hydrochloric acid (0.57 ml). After 30 min at 
room temperature the solution was concentrated 
(30°/15 mm) to c. 5 ml. The resulting solid (1.45 g) 
recrystallized from methanol to give the chloroethoxy-
dihydropyrimidotriazine hydrochloride methanolate, 
decomposing >300° (Found, after drying at 65°/0.l mm 
for 1 h: C, 34.1; H, 4.4; N, 24.9. C7H8N50.HC1. 
cH 3OH requires C, 34.l; H, 4.6; N, 24.8%). 
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2-Chloro-5-diethoxymethyleneamino-4-(diethoxymethyl-
ene)hydrazinopyrimidine 
5-Amino-2-chloro-4-hydrazinopyrimidine (Brown and 
Sugimoto, 1971; 1.0 g) and tetraethoxymethane (10 ml) 
were boiled under reflux for 1 h. Refrigeration gave 
the bisdiethoxymethylene derivative (0.8 g), m.p. 
133-134° (from acetone) (Found: C, 47.0; H, 6.1; 
N, 19.4. 
N, 19.5%). 
7-Chloro-3-ethoxy-1,2-dihydropyrimido[S,4-e]-as-
triazine 
Tetraethoxymethane (10 ml) was added to a solution 
of 5-amino-2-chloro-4-hydrazinopyrimidine (Brown and 
Sugimoto, 1971; 2.3 g) in ethanol (300 ml) already 
boiling under reflux. After 30 min at the boil, 
concentration to 30 ml furnished the dihydropyrimido-
triazine (1.7 g), decomp. >180° (from methanol) 
(Found: C, 39.2; H, 4.3; N, 32.6. c7H8ClN 50 
requires C, 39.4; H, 3.8; ;N, 32.8 %). 
3,5,7-Triethoxypyrimido[5,4-e]-as-triazine 
A solution of the foregoing dihydropyrimidotriazine 
(1.4 g) in ethanol (400 ml) was stirred and boiled 
under reflux with silver oxide (16 g) for 2 h. The 
residue from evaporation of the filtered solution was 
extracted with boiling ether (5 x 100 ml). Evapor-
ation of the extracts gave the triethoxypyrimido-
triazine (0.86 g ) , m.p. 145-146° (after sublimation 
at 140°/0.l mm) (Found: C, 50.0; H, 5.7; N, 26.0. 
c11H15N5o3 requires c, 49.8; H, 5.7; N, 26.4 %). 
3,5,7-Trimethoxypyrimido[5,4-e]-as-triazine 
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When the same dihydropyrimidotriazine (0.5 g) as 
above was stirred in refluxing methanol (100 ml) with 
silver oxide (4 g) for 17 h, the product proved 
(p.m.r. spectrum) to contain approximately equal 
parts of 3-ethoxy-5,7-dimethoxypyrimidotriazine and 
its trimethoxy homologue. Transetherification was 
completed by treatment with fresh silver oxide (20 g) 
in refluxing methanol (100 ml) for 20 h. The 
resulting trimethoxypyrimidotriazine (0.2 g) 
decomposed~- 181° after recrystallization from 
methanol (Found: C, 43.0; H, 4.2; N, 31.0. 
c8H9N5o3 requires C, 43.1; H, 4.1; N, 31.4 %). 
4-Methoxy-5-nitro-6-semicarbazidopyrimidine 
Semicarbazide hydrochloride (2.94 g) in water 
(50 ml) was added dropwise over 1 h to a stirred 
solution of 4-chloro-6-methoxy-5-nitropyrimidine 
(Hoffmann-La Roche, 1963; 5.0 g) in ethanol (200 ml) 
which was maintained at pH 5-6 by adding sodium 
hydrogen carbonate (4.45 g) in water (50 ml) at a 
similar rate. After 2 days, refrigeration of the 
mixture gave a solid which was filtered off and 
washed with ice-water and then a little ethanol. 
The residual nitropyrimidine (5.23 g) had m.p. 211° 
(decamp.) (from water) (Found: C, 31.3; H, 3.6; 
N, 37.0. 
N, 36.8 %). 
5-Amino-4-methoxy-6-semicarbazidopyrimidine 
A suspension of the nitro compound (4.2 g) in 
methanol (250 ml) underwent hydrogenation (20°; 
750 mm) in£. 2 h. The mixture was brought to 
boiling and filtered; the cake was extracted with 
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boiling methanol (4 x 200 ml). Refrigeration of the 
filtrate and extracts gave the aminopyrimidine (1.9 g), 
m.p. 236° (decamp.) (from water) (Found: C, 36.1; 
H, 5 .1 ; N, 41.9. c6tt10N6o2 requires C, 36.4; 
H, 5.1; N, 42.4 %). 
3-Aminopyrimido[5,4-e]-as-triazine-5(6H)-one 
(A) 3-Ethoxypyrimidotriazin-5-one (0.2 g) and 
saturated methanolic ammonia (25 ml) were heated in a 
sealed tube at 100° for 18 h. Filtration of the 
cooled mixture gave the aminopyrimidotriazinone 
(0.14 g), m.p. f340° (from water) (Found: C, 36.4; 
H, 2.8; N, 51.1. 
H, 2.5; N, 51.2%). 
(B) 3-Methoxypyrimidotriazin-5-one was treated 
similarly to give a product (68 %) identical with that 
from (A) in u.v. and i.r. spectra. 
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3-Ethoxy-7-propoxypyrimido[5,4-e]-as-triazin-5(6H)-one 
A solution of 3-ethoxy-5-methoxy-7-propoxypyrimido-
triazine (0.11 g) in methanol (25 ml) was stirred at 
25° while aqueous N hydrochloric acid (1 ml) was added 
dropwise. After 45 min the solution was evaporated 
at 25° under reduced pressure to give a sticky solid 
which was washed with ice water (5 ml, in several 
portions) to give the ethoxypropoxypyrimidotriazinone 
(0.06 g), m.p. 170-171° (from water) (Found: C, 47.4; 
H, 5.4; N, 27.9. 
H, 5.2; N, 27.9 %). 
3,7-Diethoxypyrimido[5,4-e]-as-triazin-5(6H)-one 
3,5,7-Triethoxypyrimidotriazine (0.5 g) in 
methanol (50 ml) was treated with~ hydrochloric acid 
(2 ml) as above to give the diethoxypyrimidotriazinone 
0 . (0.35 g), m.p. 191 (decomp.) (from water) (Found: 
C, 45.6; H, 4.6; N, 29.6. 
C, 45.6; H, 4.7; N, 29.5 %). 
3-Ethoxypyrimido[5,4-e]-as-triazin-5(6H)-one 
(A) 6-Amino-3-ethoxy-1,2,4-triazine-5-carboxamide 
(0.23 g) and a mixture of triethyl orthoformate 
(5 ml) and acetic anhydride (5 ml) were refluxed for 
3.3 h. Evaporation under reduced pressure gave an 
oil which was triturated thoroughly with ethanol 
(5 ml). Subsequent evaporation gave a solid which 
recrystallized from water (charcoal) to give the 
ethoxypyrimidotriazinone (0.14 g), m.p. 198° (decornp.) 
(Found: C, 43.3; H, 4.0; N, 36.6. c7H7N5o2 
requires C, 43.5; H, 3.7; N,36.3%). 
(B) The same product resulted from the acid 
hydrolysis of 3-ethoxy-5-methoxypyrimidotriaz ine: 
see under methyl 6-amino-3-ethoxy-1,2,4-triazine-5-
carboxylate. 
3-Methoxypyrimido[5,4-e]-as-triazin-5(6H)-one 
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3-Ethoxy-5-methoxypyrimidotriazine (0.2 g) was 
stirred in methanol (50 ml) at 25° while aqueous~ 
sodium hydroxide (2 ml) in methanol (5 ml) was added 
dropwise during 20 min. After a further 20 min, the 
solution was evaporated to dryness under reduced 
pressure and the residue recrystallized from water to 
give the methoxypyrimidotriazinone (0.1 g), decompos-
ing above 150° without melting (Found: C, 40.1; 
H, 3.1; N, 39.1. 
H, 2.8; N, 39.1%). 
3-Ethoxy-6-methylpyrimido[5,4-e]-as-triazin-5(6H)-one 
A solution of 6-amino-3-ethoxytriazine-5-~-methyl-
carboxamide (0.50 g) in a mixture of triethyl ortho-
formate (5 ml) and acetic anhydride (5 ml) was 
refluxed for 2 hand then cooled to give the 
ethoxymethylpyrimidotriazinone (0.24 g). It had m.p. 
211-212° (decomp.) (from water with charcoal) (Found: 
C, 46.5; H, 4.6; N, 34.3. 
C, 46.4; H, 4.4; N, 33.8 %). 
112 
3,7-Diaminopyrimido[5,4-e]-as-triazin-5(6H)-one 
3,7-Diethoxypyrimidotriazin-5-one (0.35 g) and 
saturated methanolic ammonia (40 ml) were heated in a 
sealed tube at 150° for 18 h. Refrigeration g ave the 
diaminopyrimidotriazinone (0.22 g), m.p. 4340° (from 
water) (Found: C, 33.4; H, 3.2; N, 54.9. c5H5N7o 
requires C, 33.5; H, 2.8; N, 54.7 %). 
3-Amino-6-methylpyrimido[5,4-e]-as-triazin-5(6H)-one 
3-Ethoxy-6-methylpyrimidotriazin-5-one (0.10 g) 
and methanolic ammonia (5 ml) were stirred at 25° for 
3 h. Refrigeration gave the amino-6-methylpyrimido-
triazinone (0.08 g), m.p. 4340° (from water) (Found: 
C, 40.5; H, 3.8; N, 47.3. 
C, 40.4; H, 3.4; N, 47.2 %). 
4-Dipropoxymethylenehydrazino-6-methoxy-5-nitro-
pyiimidine 
4-Hydrazino-6-methoxy-5-nitropyrimidine (Biffin, 
Brown, and Lee, 1967; 4.0 g) was added during 10 min 
to tetrapropoxymethane (Tieckelmann and Post, 1948; 
11 ml) stirred at 155-165° in an open flask. After 
a further 10 min, the mixture was cooled with 
scratching to give a sticky solid which was triturated 
with a little ice-cold light petroleum and then 
recrystallized from aqueous ethanol. The pyrimidine 
(4.15 g) had rn.p. 70° (Found: C, 45.5; H, 6.2; 
N, 22.3. c12H19N5o5 requires C, 46.0; H, 6.1; 
N, 22.4 %). 
5-Methoxy-3-propoxypyrimido[5,4-e]-as-triazine 
The above dipropoxymethylenehydrazinopyrimidine 
(3.6 g) was hydrogenated in methanol (250 ml) over 
palladium-charcoal (10 %; 0.9 g). The filtrate was 
stirred and boiled under reflux with yellow mercuric 
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oxide (8 g) for 2.3 h. The suspension was evaporated 
to dryness under reduced pressure and the residue 
extracted with boiling light petroleum (b.p. 60-80°; 
4 x 200 ml). Concentration of the extracts gave the 
methoxypropoxypyrimidotriazine (1.4 g) which was 
purified by preparative t.l.c. (silica; chloroform-
methanol, 9:1) followed by recrystallization from 
methanol. It had m.p. 67-68° with preliminary 
shrinkage (Found: C, 48.7; H, 5.0; N, 31.6. 
3,5-Diamino-7-chloropyrimido[5,4-e]-as-triazine 
Freshly recrystallized 7-chloro-3-ethoxy-1,2-
dihydropyrimidotriazine (1 g) was mixed with 
saturated methanolic ammonia (200 ml) at -15° then 
stirred at 5° for 18 hand finally at 25° for 20 h. 
The residue from evaporation under reduced pressure 
was extracted with boiling methanol (100 ml) and the 
extract discarded. The residue (0.29 g) was then 
recrystallized from water to give the diaminochloro-
pyrimidotriazine, decomposing above 310° without 
melting (Found: C, 30.3; H, 2.3; N, 49.0. 
C5H4N7Cl requires C, 30.4; H, 2.0; N, 49.6 %), 
M+ 197. 
Methyl 6-amino-3-ethoxy-1,2,4-triazine-5-carboxylate 
3-Ethoxy-5-methoxypyrimido[5,4-e]-as-triazine 
(12.9 g) was stirred in methanol (1300 ml) at 25° 
while~ hydrochloric acid (52 ml) was added in drops 
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during 10 min. After 4 h the solution was concentr-
ated to 75 ml under reduced pressure and then cooled 
to give the first crop of product (6.6 g). The 
residue from evaporation of the filtrate was 
powdered finely and stirred vigorously in~ sodium 
hydroxide (125 ml) for 15 min. The remaining solid 
(1.3 g) was added to the first crop. Recrystalliz-
ation from water gave the triazine ester, m.p. 
173-174° (Found: C, 42.3; H, 5.1; N, 28.5. 
c7H10N4o3 requires C, 42.4; H, 5.1; N, 28.3 %). 
The alkaline filtrate was adjusted to pH 4 and 
then concentrated to 15 ml. Refrigeration gave 
3-ethoxypyrimidotriazin-5-one (0.9 g), identified 
with that above by t.l.c. and spectral comparison. 
6-Amino-3-ethoxy-1,2,4-triazine-5-carboxamide 
The above triazine ester (0.38 g) was mixed with 
saturated methanolic ammonia at o0 and then stirred 
at 25° for 1 h. Evaporation gave the aminoethoxy-
triazinecarboxamide (0.34 g), m.p. 182-183° (from 
water) (Found: C, 39.3; H, 4.9; N, 38.2. 
c6H9N5o2 requires C, 39.3; H, 5.0; N, 38.2%). 
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6-Amino-3-ethoxy-1,2,4-triazine-5-N-methylcarboxamide 
The same ester was treated with ethanolic methyl-
amine as above to give the aminoethoxytriazine-N-
methylcarboxamide (>90 %), m.p. 199-200° (from ethanol) 
(Found: C, 43.0; H, 5.9; N, 35.8. C7H11N5o2 
requires C, 42.6; H, 5.6; N, 35.5%). 
3-Ethoxy-6-ethoxycarbonylamino-1,2,4-triazine-5-
carboxamide 
6-Amino-3-ethoxytriazine-5-carboxamide (0~93 g) 
was stirred in refluxing dioxan (50 ml) with ethyl 
chloroformate (2.5 g) and anhydrous potassium 
carbonate (2.5 g). After 21 h the mixture was 
filtered and the solid was washed with boiling dioxan 
(10 ml). Evaporation of the filtrate and washings 
followed by recrystallization of the residue from 
water gave the ethoxycarbonylaminotriazinecarboxamide 
. 0 ( (0.58 g), m.p. 162 Found: 
N, 27.5. c9H13N5o4 requires 
N, 27.4 %). 
C, 42.1; 
C, 42.4; 
H, 4.9; 
H, 5.1; 
3-Ethoxy-6-ethoxycarbonylamino-1,2,4-triazine-5-N-
methylcarboxamide 
6-Amino-3-ethoxytriazine-5-N-methylcarboxamide 
(1.0 g) was converted with ethyl chloroformate as 
above into the ethoxycarbonylaminotriazine-N-methyl-
carboxamide (0.81 g), m.p. 159° (Found: C, 45.0; 
H, 5.5; N, 26.4. c10H15N5o4 requires C, 44.6; 
H, 5.6; N, 26.0 %). 
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6-Acetamido-3-ethoxy-1,2,4-triazine-5-carboxamide 
6-Amino-3-ethoxytriazine-5-carboxamide (0.6 g) and 
acetic anhydride (10 ml) were heated at 100° for 90 
min. The residue from evaporation was washed with 
ether (10 ml) to give the acetamidotriazine (0.51 g), 
m.p. 166-167° (from water) (Found: C, 42.6; H, 5.0; 
N, 31.5. c8H11N5o3 requires c, 42.7; H, 4.9; 
N, 31.1%). 
6-Amino-3-methylamino-1,2,4-triazine-5-N-methyl-
carboxamide 
3-Ethoxypyrimidotriazin-5-one (0.20 g) or its 
methoxy homologue (0.19 g) was heated at 102° in 
ethanolic methylamine (30 %; 30 ml) for 17 h. The 
residue from evaporation crystallized from ethanol to 
give, after concentration, the methylaminotriazine-N-
methrlcarboxamide (0.15 g) , m.p. 205-206° (Found: 
C, 40.0; H, 5.8; N, 46.3. C6HlON60 requires 
c, 39.6; H, 5.5; N, 46.1 %). 
6-Amino-3-ethoxy-1,2,4-triazine-5-carbonitrile 
6-Amino-3-ethoxytriazine-5-carboxamide (1.0 g) was 
stirred in pyridine (10 ml) at 15° while phosphoryl 
chloride (2.0 ml) was added dropwise during 10 min. 
After a further 20 min, the mixture was poured onto 
ice (~· 30 g) and stirred for a few min. The cold 
mixture was extracted immediately with ethyl acetate 
(10 x 80 ml). The extract was evaporated to dryness 
and the residue was purified by t.l.c. (silica; ethyl 
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acetate) to give the aminonitrile (0.28 g), m.p. 139° 
+ (from ethanol) and M 165 (Found: C, 43.3; H, 4.6; 
N, 41.7. c6H7N5o requires C, 43.6; H, 4.3; 
N, 42.4 %). 
Pyrimido[5,4-e]-as-triazine-3,5(4H,6H)-dione 
A soluti on of 3-ethoxy-5-methoxypyrimidotriazine 
(0.2 g} in methanol (50 ml} containing~ sodium 
hydroxide (3 ml) was refluxed for 12 h. Cooling and 
filtration ga ve the disodium salt of the pyrimido-
triazine-3,5-dione (0.19 g}, m.p . ({340°} (Found: 
C, 26.6; H, 1.8; N, 31.1. c5HN5Na2o2 .H20 requires 
C, 26.4; H, 1.3; N, 30.8 %). The salt (0.08 g) was 
stirred for 15 min in~ hydrochloric acid (0 . 4 ml} and 
then chilled to give pyrimidotriazine-3,5-dione 
(0.06 g), decomposing above 290° (from water} (Found: 
C, 29.8; H, 1.7; N, 34.7. 
C, 29.9; H, 3.6; N, 34.8 %). 
Pyrimido[5,4-e]-as-triazin-3,5,7(3H,6H,8H)-trione 
3,5,7-Triethoxypyrimidotriazine (0.4 g} was stirred 
for 10 min in 5~ hydrochloric acid (20 ml} boiling 
under reflux. Evaporation under reduced pressure and 
recrystallization from water gave the trione (0.2 g}, 
which decomposed above 330° without melting (Found, 
after drying at 100°: C, 31.4; H, 2.3; N, 36.5. 
C5H3N5o3 . 0.5H20 requires C, 31.6; H, 2.1; 
N, 36.8 %). 
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3-Ethoxypyrimido[5,4-e]-as-triazine-5,7(6H,8H)-dione 
(A) 3,5,7-Triethoxypyrimidotriazine (0.3 g) and 
SN hydrochloric acid (20 ml) were stirred at 2s0 for 
5 h. Evaporation under reduced pressure at 25-30° 
gave a sticky residue which crystallized from methanol 
to give the dione (0.13 g), m.p. 263° (decomp.) 
(Found: C, 40.3; H, 3.4; N, 33.8. C7H7N5o3 
requires C, 40.2; H, 3.4; N, 33.5%). Similar 
treatment of 3-ethoxy-5-methoxy-7-propoxypyrimido-
triazine gave a product identical in m.p. and spectra, 
thus proving the orientation. 
(B) 3-Ethoxy-6-ethoxycarbonylamino-1,2,4-triazine-
5-carboxamide (0.57 g) was heated on an oil bath at 
188° for 15 min. Recrystallization of the residue 
from methanol gave the ethoxypyrimidotriazinedione 
(0.18 g), identified with authentic material by its 
spectra. When the dione was stirred with ethanolic 
methylamine for 1 hat 25°, the precipitate ·proved to 
be its methylammonium salt, m.p. >200° (decomp.) 
(Found: c, 40.1; H, 5.1; N, 34.9. C8Hl2N6O3 
requires C, 40.0; H, 5.0; N, 35.0%); more vigorous 
conditions led to decomposition. 
3-Ethoxy-6-methylpyrimido[5,4-e]-as-triazine-5,7(6H, 
8H)-dione 
3-Ethoxy-6-ethoxycarbonylamino-1,2,4-triazine-5-N-
methylcarboxamide (0.8 g), heated at 195° for 20 min, 
similarly gave the ethoxymethylpyrimidotriazinedione 
(0.64 g), m.p. 217° (from water) (Found: C, 43.1; 
H, 4.2; N, 31.6. 
H, 4.1; N, 31.4 %). 
3-Aminopyrimido[5,4-e)-as-triazine-5,7(6H,8H)-dione 
3-Ethoxypyrimidotriazine-5,7-dione (0.15 g) and 
saturated methanolic ammonia (30 ml) were heated at 
148° for 24 h . Filtration gave the 3-aminopyrimido-
triazinedione (0.10 g), m.p. {340° (from water) 
(Found: C, 33.3; H, 2.3; N, 46.8. C5H4N6o2 
requires C, 33.3; H, 2.2; N, 46.7 %). 
3-Amino-6-methylpyrimido[5,4-e)-as-triazine-5,7(6H, 
8H)-dione 
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3-Ethoxy-6-methylpyrimidotriazine-5,7-dione was 
heated similarly with ammonia at 105° for 30 h. The 
residue from evaporation recrystallized from water to 
give 3-amino-6-methylpyrimid0triazinedione, m.p. 
>330° (decomp.) (Found: C, 37.0; H, 3.5; N, 43.0. 
c6H6N6o2 requires C, 37.1; H, 3.1; N, 43.3 %). 
6-Amino-3-ethoxy-l,2,4-triazin-5(4H)-one 
(A) 6-Amino-3-ethoxytriazine-5-carboxamide was 
treated as in the preparation of the nitrile above. 
After stirring with ice, the solution was concentrated 
in vacuo at 50° . Refrigeration gave a solid which was 
washed with ethanol (1 ml) and recrystallized from 
water to give the triazinone (0.4 g), m.p. >230° 
(decomp.) (Found: C, 38. 5; H, 5 .1; N, 36 .1. 
c5H8N4o2 requires C, 38.5; H, 5.2; N, 35.9%), 
M+ 156. 
(B) The carbonitrile (7 mg) was stirred in 0.lN 
:::::, 
hydrochloric acid (0.6 ml) at 60° for 5 min. The 
cooled solution was adjusted to pH 3 and refrigerat-
ion gave a solid (3.8 mg), identical (i.r. spectrum 
and t.l.c.) with the triazinone in (A). 
3-Methylaminopyrimido[5,4-e]-as-triazin-5(6H)-one 
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3-Ethoxypyrimidotriazin-5-one (0.15 g) was stirred 
in ethanolic methylamine (33%; 10 ml) at 28° for 10 h. 
Evaporation under reduced pressure gave the 
methylaminopyrimidotriazinone (0.13 g) decomposing 
above 320° (from water) (Found: C, 40.3; H, 3.8; 
N, 47.3. c6H6N6o requires C, 40.4; H, 3.4; 
N, 47.2 %). 
3,7-Bismethylaminopyrimido[5,4-e]-as-triazin-5(6H)-
one 
3,7-Diethoxypyrimidotriazin-5-one (0.2 g) and 
ethanolic methylamine (33%; 30 ml) were heated at 
100° for 24 h. Evaporation and recrystallization of 
the residue from water gave the bismethylamino-
pyrimidotriazinone (0.13 g), m.p. f340° (Found: 
C, 40.8; H, 4.9; N, 46.6. 
C, 40.6; H, 4.4; N, 47.3 %). 
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3-Amino-7-methylpyrimido[5,4-e]-as-triazin-5(6H)-one 
3,5-Diamino-7-methylpyrimidotriazine (0.1 g) was 
stirred with 5~ hydrochloric acid (2 ml) for 29 h. 
Concentration and neutralization gave the aminomethyl-
pyrimidotriazinone (0.07 g), m.p. {320° (from water) 
(Found: C, 40.3; H, 3.9; N, 46.7. C6H6N6o1 
requires C, 40.4; H, 3.4; N, 47.2 %). The 
structure was confirmed by a closely similar u.v. 
spectrum to that of the 3-aminopyrimidotriazin-5-one. 
4-Hydrazinopyrimidin-6(1H)-one 
Hydrazine hydrate (98 %; 5.4 g) was added to a 
solution of 4-chloropyrimidin-6-one (Brown and Harper, 
1961; 6.8 g) in ethanol (200 ml) which was then 
refluxed for 4.5 h. The precipitate was recrystall-
ized from water to give the hydrazinopyrimidinone 
(5.3 g), decomposing above 230° (Found : C, 38.1; 
H, 4.6; N, 44.4. 
H, 4.8; N, 44.4 %). 
8-Ethoxy-9-methylpurine 
5-Amino-4-methylaminopyrimidine (Brown, 1954; 
0.47 g) was stirred for 2 h in refluxing tetraethoxy-
methane (10 ml). Then a second portion (5 ml) of the 
latter reagent was added and similar conditions were 
maintained for a further 4 h. Concentration under 
reduced pressure to c. 2 ml and subsequent cooling 
gave a crude solid which was triturated with a little 
light petroleum and then recrystallized from ethanol. 
The resulting ethoxy-9-methylpurine (0.35 g} had 
m.p. 99° [(Barlin, 1967): 95-96°] and u.v. spectra 
identical with those recorded (Barlin, 1967). 
8-Ethoxy-7-methylpurine 
4-Amino-5-methylaminopyrimidine (Brown, 1955; 
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0.05 g} tetraethoxymethane (5 ml}, and glacial acetic 
acid (0.025 g} were stirred at 60-65° for 33 h. 
Refrigeration gave a solid (0.025 g} which was 
purified by t.l.c. [silica; chloroform-methanol 
(9:1)] to give the ethoxy-7-methylpurine, m.p. 163° 
(from benzene} (Found: C, 54.2; H, 5.6; N, 31.6. 
c8H10N4o requires C, 53.9; H, 5.7; N, 31.4 %). 
6-Chloro-8-ethoxy-9-methylpurine 
5-Amino-4-chloro-6-methylaminopyrimidine (Brown, 
1954; 0.42 g} was stirred in refluxing tetraethoxy-
methane (15 ml} for 44 h. After filtration, the hot 
solution was concentrated under reduced pressure and 
then refrigerated to give the chloropurine (0.21 g}, 
m.p. 143° (from water} (Found: C, 45.5; H, 4.4; 
N, 26.7. 
N, 26.3 %). 
6-Dimethylamino-8-ethoxy-9-methylpurine 
5-Amino-4-dimethylamino-6-methylaminopyrimidine 
(Soll and Pfleiderer, 1963; 0.61 g} was stirred in 
refluxing tetraethoxymethane (5 ml) for 20 h. 
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Concentration to half volume and refrigeration gave a 
solid (0.62 g) which was first washed with light 
petroleum (2 ml) at o0 and then extracted with 
boiling light petroleum (b.p. 40-60°; 2 x 20 ml). 
The filtered extract was evaporated to give the 
dimethylaminopurine, m.p. 113° after t.l.c. [silica; 
chloroform - methanol (9:1)) and sublimation 
(65°/0.04 mm) (Found: C, 54.5; H, 6.7; N, 32.0. 
c10 tt15N5o requires c, 54.3; H, 6.8; N, 31.65%). 
8-Ethoxy-9-methyl-6-methylaminopurine 
5-Amino-4,6-bismethylaminopyrimidine (Brown and 
Jacobsen, 1960; 0.5 g) was stirred in refluxing 
tetraethoxymethane (5 ml). After 20 ha fresh 
portion (3 ml) of the latter was added and the 
process was continued for a further 13 h. Chilling 
followed by recrystallization of the crude solid from 
ethanol and final sublimation (95°/0.l mm) gave the 
methylaminopurine (0.35 g), m.p. 151-152° (Found: 
C, 52.0; H, 6.0; N, 33.5. c9tt13N5o requires 
C, 52.2; H, 6.3; N, 33.8 %). 
8-Ethoxy-2,6-dimethylpurine 
4,5-Diamino-2,6-dimethylpyrimidine (Prasad, Noell, 
and Robins, 1959; 0.5 g) was stirred in refluxing 
tetraethoxymethane for 8 h. Concentration, refriger-
ation, and recrystallization from benzene gave a 
crude product containing some uncyclized material. 
This solid was heated at 175° for 1 hand then 
sublimed (130°/0.l mm) to give the ethoxydimethyl-
12urine (0.14 g) , m.p. >224° (decomp.) (Found: 
C, 56.0; H, 6.3; N, 29.3. C9H12N40 requires 
C, 56.2; H, 6.3; N, 29.15 %). 
8-Ethoxy-9-methyl-6-methylthiopurine 
5-Amino-4-methylamino-6-methylthiopyrimidine 
(Brown, 1957; 0.31 g), tetraethoxymethane (2.5 ml), 
and acetic acid (0.11 g) were stirred at 25-30° for 
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6 h. After refrigeration the solid was removed and 
washed with light petroleum (2 x 2 ml) at o0 • The 
residual 5-diethoxymethyleneamino-4-methylamino-6-
methylthiopyrimidine (0.35 g) had m.p. 116-117° (from 
ethanol) (Found: C, 48.9; H, 6.6; N, 20.8. 
c11H18N4o2s requires C, 48.9; H, 6.7; N, 20.7 %). 
This pyrimidine (0.20 g) was heated at 190-200° for 
20 min. The cooled residue recrystallized from 
ethanol to give the ethoxy-9-methyl-6-methylthiopurine 
0 (0.13 g), m.p. 119 (Found: C, 48.3; H, 5.5; 
N, 25.3. 
N, 25.0 %). 
8-Ethoxy-6-ethylthio-9-methylpurine 
(A) 5-Amino-6-methylaminopyrimidine-4-thione (Brown, 
1957; 0.5 g) was stirred in refluxing tetraethoxy-
methane (15 ml) for 9 h. After refrigeration, the 
solid was filtered off; concentration of the filtrate 
gave a second crop. The combined solid crystallized 
from light petroleum (b.p. 60-80°) to give the 
ethoxyethylthio-9-methylpurine (0.31 g), m.p. 79-80° 
(Found: C, 50.8; H, 6.0; N, 23.9. c
10
H
14
N
4
os 
requires C, 50.4; H, 5.9; N, 23.5 %). 
125 
(B) The same pyrimidinethione (1.5 g), ~ potassium 
hydroxide (11 ml), and ethyl iodide (0.9 ml) were 
shaken for 3 h, allowed to stand for 12 h, and then 
refrigerated. The 5-amino-4-ethylthio-6-methylarnino-
pyrimidine (1.64 g) had m.p. 91° (after recrystalliz-
ation from water and drying over phosphorus pentoxide 
at 65° and 760 mm) (Found: C, 45.6; H, 6.7; N, 30.5. 
C7H12N4S requires C, 45.65; H, 6.6; N, 30.4 %). 
This pyrimidine (0.5 g), tetraethoxymethane (2.5 ml), 
and acetic acid (0.12 g) were stirred at 25-30° for 
18 h. Refrigeration gave 5-diethoxyrnethyleneamino-
4-ethylthio-6-methylarninopyrimidine (0.58 g), m.p.94° 
(from light petroleum) (Found: C, 50.9; H, 7.1; 
N, 19.7. 
N, 19.7 %). 
c12H20N4o2s requires C, 50.7; H, 7.1; 
The diethoxyrnethylene derivative (0.1 g) 
was heated in a loosely stoppered tube at 195° for 
20 min. to give a purine (0.05 g), identified as that 
in {A) by mixed m.p. and i.r. spectra. 
8-Ethoxy-2-ethylthio-6,9-dimethylpurine 
5-Arnino-4-methyl-6-methylarninopyrimidine-2-thione 
(Brown, Ford, and Tratt, 1967; 0.52 g), tetraethoxy-
methane (5 ml), and acetic acid (0.6 g) were boiled 
under reflux with stirring until homogenous (c , 
10 min.). Concentration under reduced pressure 
followed by refrigeration gave 5-diethoxymethylene-
amino-2-ethylthio-4-methyl-6-methylaminopyrimidine 
(0.43 g), m.p.124-125° (from ethanol) (Found: 
C, 52.4; H, 7.4; N, 18.9. Cl3H22N402S requires 
C, 52.3; H, 7.4; N, 18.8 %). This pyrimidine (0.1 
was heated in a loosely stoppered tube at 170° for 
40 min. to give the ethoxy-2-ethylthiodimethylpurine 
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g) 
(0.07 g), m.p. 79-80° (from ethanol) (Found: C, 52.6; 
H, 6.3; N, 22.6. 
H, 6.4; N, 22.2 %) . 
9-Methyl-8-propoxy-6-propylthiopurine 
5-Amino-6-methylaminopyrimidine-4-thione (Brown, 
1957; 0.5 g) was stirred in tetrapropoxymethane 
(Tieckelmann and Post, 1948; 5 ml) at 155° for 7 h. 
Evaporation under reduced pressure gave an oily 
residue which solidified on trituration with a little 
cold light petroleum. T.l.c. (silica; ethyl acetate) 
gave the propoxy-6-propylthiopurine (0.25 g), m.p.55° 
(from light petroleum) (Found: C, 54.5; H, 6.9; 
N, 21. 3. Cl2Hl8N40S requires C, 54.1; H, 6.8; 
N, 21. 0%). 
8-Methylthiopurine 
4,5-Diaminopyrimidine (Brown, 1952; 0.5 g), 
tetrakismethylthiomethane (Backer and Stedehouder, 
1933; 0.9 g), and acetic acid (2 ml) were boiled 
under reflux with stirring for 2 h. The residue 
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from concentration under reduced pressure solidified 
on trituration with ether (10 ml). The solid was 
washed with fresh ether (2 x 10 ml) and recrystall-
ized from water to give 4-amino-5-(bismethylthio )meth-
yleneaminopyrimidine (0.44 g), m.p. 157-158° (Found: 
C, 39.5; H, 4.9; N, 26.5. c7H10N4s 2 requires 
C, 39.3; H, 4.7; N, 26.2 %). This pyrimidine 
(0.2 g) was heated at 200° for 1 h. The residue 
crystallized from water to give 8-methylthiopurine, 
identified by mixed m.p. 258° and u.v. spectra 
(Albert and Brown, 1954; Mason, 1954). 
4-Amino-5-diethoxymethyleneaminopyrimidine 
4,5-Diaminopyrimidine (Brown, 1952; 0.5 g), 
tetraethoxymethane (2.5 ml), and acetic acid (0.28 g) 
were heated and stirred under reflux for 30 min. The 
solid (0.68 g) which deposited on refrigeration was 
triturated with~ potassium hydroxide and then washed 
with water to give the diethoxymethylene derivative, 
m.p. 109-110° (Found: C, 51.1; H, 6.9; N, 26.4. 
c9H14N4o2 requires C, 51.4; H, 6.7; N, 26.65). 
4-Amino-6-chloro-5-diethoxymethyleneaminopyrimidine 
4,5-Diamino-6-chloropyrimidine (Albert, Brown, and 
Cheeseman, 1952; 0.2 g) tetraethoxymethane (1.8 g), 
and acetic anhydride (0.2 g) were stirred while 
refluxing until the mixture was homogeneous {~ , 
5 min.). Refrigeration gave the chloro-5-diethoxy-
methyleneaminopyrimidine (0.16 g), m.p. 111-112° 
(from ethanol) (Found: C, 44.3; H, 5.4; N, 22.8. 
c 9e13clN4o2 requires C, 44.2; H, 5.4; N, 22.9 %). 
2-Ethoxy-7-methylaminothiazolo[5,4-d]pyrimidine 
5-Amino-6-methylaminopyrimidine-4-thione (Brown, 
1957; 0.5 g ), tetraethoxymethane (5 g), and acetic 
acid (0.2 g) were stirred at 80° for 4 hand then 
chilled. The solid was washed with cold light 
petroleum, submitted to t.l.c. [silica; chloroform-
acetone (9:1)], and then sublimed (80°/0.02 mm) to 
give the ethoxythiazolopyrimidine (0.26 g), m.p.141° 
(Found: C, 46.0; H,. 4.8; N, 26.6. c 8e10N40S 
requires C, 45.7; H, 4.8; N, 26.65 %). 
7-Methylamino-2-propoxythiazolo[5,4-d]pyrimidine 
Prepa red as the above homologue, but using 
tetrapropoxymethane (2 g) at 95° for l h, the 
propoxythiazolopyrimidine (0.41 g) had m.p.131-132° 
(from ethanol) (Found: C, 48.3; H, 5.4; N, 25.3. 
c 9e12N4os r equires C, 48.2; H, 5.4; N, 25.0 %). 
2-Ethoxy- and 2-Propoxy-benzimidazole 
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A mixture of Q-phenylenediamine (0.5 g), 
tetraethoxy- or tetrapropoxy-methane (1.5 ml), and 
acetic acid (0.28 g) was stirred at 25-30° for 30 min. 
Re f rigeration gave a solid which was washed with cold 
light petrole um and recr ystallized from toluene: the 
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ethoxybenzimidazole (0.38 g) had m.p. 166-167° 
[lit. (Sandmeyer, 1886; Takahashi and Kano, 1964) 
160-166°] and i.r. spectrum identical with that 
reported (Harrison and Jones, 1969); the propoxybenz-
imidazole (0.56 g) had m.p. 164-165° (Found: C, 68.1; 
H, 6.8; N, 16.0. 
H, 6.9; N, 15.9%). 
2-Ethoxy- and 2-Propoxy-naphth[2,3-d]imidazole 
2,3-Diaminonaphthalene (0.5 g), tetraethoxy- or 
tetrapropoxy-methane (2.5 ml), and acetic acid (0.2 g) 
were stirred at 30° for 90 min. Chilling gave a solid 
which was washed with a little cold light petroleum. 
The ethoxynaphthimidazole (0.63 g) had m.p.241-242° 
(from ethanol) (Found: C, 74.0 ; H, 5.6; N, 13.0. 
c
13
H
12
N
20 requires C, 73.6; H, 5.7; N, 13.2%); its 
propoxy homologue (0.51 g) had m.p.167-168° (from 
aqueous ethanol) (Found: C, 74.5; H, 6.2; N, 12.5. 
c
14
H14N20 requires C, 74.3; H, 6.2; N, 12.4 %). 
2-Ethoxy- and 2-Propoxy-imidazo[4,5-b]pyridine 
2,3-Diaminopyridine (1 g) was stirred in refluxing 
tetraethoxymethane (5 ml) for 80 min. After chilling, 
the product was filtered off; concentration of the 
filtrate gave a second crop. The total solids were 
washed with a little ether: the ethoxyimidazopyridine 
(0.6 g) had m.p.148-150° (from acetone) (Found: 
C, 59.5; H, 5.6; N, 26.0. C8H9N3o requires 
C, 58.9; H, 5.6; N, 25.75 %). A similar procedure, 
using tetrapropoxymethane at 150° and washing with 
light petroleum instead of ether, gave the propoxy 
homologue (0.43 g), m. p.121° (Found: C, 61.1; 
H, 6.3; N, 23.8. 
H, 6 . 3; N, 23.7 %) . 
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Purines 
6-Chloro-8-ethoxy-9-methylpurine 
6-Dimethylamino-8-ethoxy-9-methylpurine 
8-Ethoxy-2,6-dimethylpurine 
8-Ethoxy-2-ethylthio-6,9-dimethylpurine 
8-Ethoxy-6-ethylthio-9-methylpurine 
8-Ethoxy-9-methyl-6-methylaminopurine 
8-Ethoxy-9-methyl-6-methylthiopurine 
8-Ethoxy-7-methylpurine 
8-Ethoxy-9-methylpurine 
9-Methyl-8-propoxy-6-propylthiopurine 
8-Methylthiopurine 
Pyrimidines 
133 
117 
117 
117 
122 
122 
123 
125 
124 
123 
124 
122 
121 
126 
126 
4-Amino-5-(bismethylthiomethyleneamino)pyrimidine 127 
4-Amino-6-ahloro-5-diethoxymethyleneamino-
pyrimidine 127 
5-Amino-4-ahloro-6-(diethoxymethylene)hydrazino-
pyrimidine 106 
4-Amino-5-diethoxymethyleneaminopyrimidine 127 
5-Amino-4-ethylthio-6-methylaminopyrimidine 125 
5-Amino-4-methoxy-6-semiaarbazidopyrimidine 109 
4,6-Bis[(diethoxymethylene)hydrazino]-2-methyl-
5-nitropyrimidine 98 
2-Chloro-5-diethoxymethyleneamino-4-
(diethoxymethylene)hydrazinopyrimidine 107 
5-Diethoxymethyleneamino-2-ethylthio-
4-me thyl-6-methylaminopyrimidine 126 
5-Diethoxymethyleneamino-4-ethylthio-
6-methylaminopyrimidine 
5-Diethoxymethyleneamino-4-methylamino-
6-methylthiopyrimidine 
4-(Diethoxymethylene)hydrazino-2,6-dimethyl-
5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-2-ethoxy-
5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-2-methoxy-
6-methyl-5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-6-methoxy-
2-methyl-5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-2-methoxy-
5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-6-methoxy-
5-nitropyrimidine 
4-(Diethoxymethylene)hydrazino-5-nitro-
2-propoxypyrimidine 
4-(Diethoxymethylene)hydrazino-5-nitro-
pyrimidine 
4-(Dipropoxymethylene)hydrazino-6-methoxy-
5-nitropyrimidine 
4-Hydrazino-5-nitro-2-propoxypyrimidine 
4-Hydrazinopyrimidin-6-one 
4-Methoxy-5-nitro-6-semicarbazidopyrimidine 
5-Nitro-2,4-dipropoxypyrimidine 
],2,4-Triazines 
134 
125 
124 
103 
101 
97 
97 
100 
94 
102 
93 
112 
102 
121 
108 
101 
6-Acetamido-3-ethoxytriazine-5-carboxamide 116 
6-Amino-J-ethoxytriazine-5-carbonitrile 116 
6-Amino-3-ethoxytriazine-5-carboxamide 114 
6-Amino-3-ethoxytriazine-5-N-methylcarboxamide 115 
6-Amino-3-ethoxytriazin-5-one 119 
6-Amino-3-methylaminotriazine-5-N-methylcarboxamide 116 
J-Ethoxy-6-ethoxycarbonylaminotriazine-
5-carboxamide 115 
3-Ethoxy-6-ethoxycarbonyZaminotriazine-
5-N-methyZcarboxamide 
Methyl 6-amino-3-ethoxytriazine-5-carboxyZate 
Other Systems 
135 
115 
114 
2-Ethoxybenzimidazole 128 
2-PropoxybenzimidazoZe 128 
2-Ethoxyimidazo[4,5-b]pyridine 129 
2-Propoxyimidaz o [4,5-b]pyridin e 129 
2-Ethoxynaphth [2,3-d]imidazoie 129 
2-Propoxynaphth [2,3-d]imidaz oie 129 
2-Ethoxy -7-methyZaminothi azoZo[5,4-d]pyrimidine 128 
2-Propoxy-7-methyZaminothi az oZo [5,4-d]pyrimidine 128 
a New compounds are in italics. 
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Purine Studies. Part Xl. 1 Condensation of Tetraethoxymethane and 
Similar Orthocarbonates with ortho-Diamines to give 8-Ethoxypurines 
and Related Fused lmidazoles 
By Desmond J. Brown • and Robert K. Lynn, John Curti n School of Medical Research, P.O. Box 334, Canberra 
City, Australia 2601 
4.5- Diaminopyrimidines are converted by boiling tetraethoxy- . tetrapropoxy- . and tetrakismethylthio -methane into 
the corresponding 8-alkoxy- or 8-methylthio-purines. By conducting the first stage of the reaction at 26" in the 
presence of acetic acid. the intermediate diethoxymethyleneaminopyrimidines (3) may be isolated prior to thermal 
cyclization. 5,6-Diaminopyrimidine-2(and 4) - thiones normally undergo S-alkylat ion by the orthocarbonate as 
well as cyclization but. under acidic condit ions. the 4-thiones yield 2-alkoxy-7-aminothiazolo[5.4-d)pyrimidines 
(4) instead of purines. Treatment of o-phenylenediamine. 2.3-diaminonaphthalene. and 2.3-diaminopyridine 
with a tetra -alkoxymethane gives the appropriate 2-alkoxylated benzimidazole (5 ; X = CH). naphth[2.3-d)-
imidazole (6) . or imidazo[4.5-b]pyridine (5 ; X = N). Ionization constants. u.v. absorption. and 1 H n.m.r. data 
are recorded and discussed. 
TETRAETHOXYMETHANE (tetraethyl orthocarbonate) has 
recently proved effective for converting 5-amino-
1,2,3-triazole-4-carbaldehydes into the corresponding 
5-diethoxymethyleneamino-derivatives for cyclization 
by amines to 5-ethoxy-v-triazolo[ 4,5-d]pyrimidines; 2 
also for converting 5-amino-4-hydrazinopyrimidines 
into their 4-diethoxymethylenehydrazino-analogues 
prior to cyclization and subsequent oxidation to 
3-ethoxypyrimido[5,4-e]-as-triazines.s We now report 
the somewhat analogous use of tetraethoxy-,4 tetra-
propoxy-,6 and tetrakismethylthio-methane 6 for con-
verting 4,5-diaminopyrimidines into 8-alkoxy- or 8-
alkylthio-purines, e.g. (1; Rs = Pr) or (2; R 3 = SMe); 
5-amino-6-methylaminopyrimidine-4-thione into 2-alk-
oxy-7-methylaminothiazolo[5,4-d]pyrimidines (4); o-
phenylenediamine into 2-alkoxybenzimidazoles (5; X = 
CH); 2,3-diaminonaphthalene into 2-alkoxynaphth-
[2,3-d]imidazoles (6); and 2,3-diaminopyridine into 
2-alkoxyimidazo[4,5-b]pyridines (5; X = N). 
When 5-amino-4-methylaminopyrimidine was boiled 
in tetraethoxymethane for several hours the purine 
(l a) resulted ; in contrast , the isomeric 4-amino-5-methyl-
aminopyrimidine gave the corresponding purine (2; 
R1 = H, R2 = Me, R3 = OEt) only when 1 equiv. 
of glacial acetic acid was added to the reaction mixture. 
A similar procedure (without acetic acid) converted 
appropriate pyrimidines into the purines (1 b- d) and 
(2; R1 = Me, R2 = H, R3 = OEt) but with pyrimi-
dines bearing an alkythio-group, it proved better (or 
even essential) to use mild conditions in the presence 
of acetic acid to give first the uncyclized 5-diethoxy-
methyleneamino-intermediates (3a and b) which under-
went thermal cyclization to the purines (le) and (lf), 
respectively. In extending this reaction to 4,5-di-
aminopyrimidinethiones, 5-alkylation by the ortho-
carbonate frequently occurred as a side reaction: 
5-amino-6-methylaminopyrimidine-4-thione gave the 
8-ethoxy-6-ethylthiopurine (lf) or the 8-propoxy-6-pro-
1 P art X . R. J. Badger, D . J. Brown, a nd J. H . List er , J. C.S . 
Perkin I, 1974, 152. 
2 A. Albert and H . Taguchi , ]. C.S . P erkin I , 1973, 2037. 
3 D. J. Brown a nd R. K. Lynn, A ustral. ]. Ch em., 1973, 26, 
1689. 
• J. D. Roberts and R. E . Mc'.\fahon, Org. Sy nth., 1952, 32. 68. 
pylthiopurine (lg), according to whether tctraethoxy-
or tetrapropoxy-methane was used; and 5-amino-
4-methyl-6-methylaminopyrimidine-2-thione gave first 
the 5-alkylated intermediate (3c) and thence the 
R2 Rl RI 
<NLN R
3
0 I JR, 
N N 
<NLN R) ~ I JR, 
N N 
Me 
(1) ( 2) 
R1 R2 R3 R2 
a : H H Et (EtOl2C :NCN 
b : H Cl Et R3 I N)R1 
c: H NMe2 Et 
d : H NHMe Et ( 3) 
e: H SM e Et 
f : H SEt Et R1 Rl R3 
g : H SPr Pr a : H SMe NHMe 
h: SEt Me Et b : H SEt NHMe 
c: SEt Me NHMe 
d : H H NH 2 
e : H Cl NH2 
NHMe H 
RO<Nr.; 
S N 
RO{N)J) 
"-N X 
H 
<Nx;o, RO I N /. ~ 
( 4) ( 5) ( 6 ) 
purine (l h) . Such 5-alkylations have also been ob-
served recently 7 when using the orthoesters of simple 
carboxylic acids in the presence of anhydrides. Al-
though 4,5-diaminopyrimidine reacted with tetrakis-
methylthiomethane to give 8-methylthiopurine (2; 
R1 = R2 = H, Rs = SMe) via the intermediate 4-
amino-5-(bismethylthio)methyleneaminopyrimidine, the 
• H . Tieckelmann and H . W . P o t , ]. Org. Chem .. 1948, 13, 
265. 
• H . J . Backer and P . L. Stcdehouder, R ec. T ra.·. chim., 1933, 
52. 92:J. 
' R. J. Badger, D . J. Brown, and J. H . Lister , ].C.S. Perk in I, 
1973. 1906. 
J .C.S. Perkin I 
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same diamine and its 6-chloro-derivative with tetra-
ethoxymethane gave only the pyrimidines (3d) and 
(3e), respectively, which we were unable to cyclize. 
When 5-amino-6-methylaminopyrimidine-4-thione was 
allowed to react with tetraethoxy- or tetrapropoxy-
methane (as above) but with acetic acid present, the 
thioxo- rather than the methylamino-substituent be-
came involved in ring formation to give the thiazolo-
{5,4--d]pyrimidines {4; R = Et or Pr) instead of the 
expected purines (lf and g) (cf. the analogous behaviour 
of similar diaminopyrimidinethiones with simple car-
boxylic acids as cyclizing agents 8, 9). 
siderable fine structure, even in aqueous solution: 
their most intense peaks had log e: values approaching 
5 (cf. ref. 13). The 1H n.m.r. spectra (Table 2) were 
consistent with assigned structures and provided the 
only confirmation for the pyrimidine intermediates (3). 
EXPERIMENTAL 
Analyses were performed by the Australian :National 
University Analytical Services Unit. The u .v. spectra 
were recorded on a Unicam SP 1800 instrument and p eak 
data were checked on a manually operated instrument. 
8-Alkoxypurines.-Each diaminopyrimidine was stirred 
in an excess of the appropriate tetra-alkoxymethane, 
with or without acetic acid (1 mol. equiv.), under the 
stated conditions. Concentration and/or refrigeration 
gave the crude product, which was purified by t.l.c. (chloro-
form-methanol) , recrystallization, or sublimation. I'or 
example, 5-amino-4-methylaminopyrimidine 16 (0·47 g) 
was stirred for 6 h in refluxing tetraethoxymethane • 
(10 ml). Concentration under reduced pressure to ca. 2 ml 
and subsequent cooling gave a solid which was triturated 
with a little light petroleum and then recrystallized from 
ethanol to give 8-ethoxy-9-methylpurine (la) (0·36 g), 
m.p. 99° (lit., 10 95-96°); u .v. spectra identical with those 
Under remarkably mild conditions, o-phenylenedi-
amine and 2,3-diaminonaphthalene were converted by 
the appropriate tetra-alkoxymethanes (and acetic acid) 
into the benzimidazoles (5; R = Et or Pr, X = CH) 
and the naphthimidazoles (6; R = Et or Pr); under 
more vigorous conditions, 2,3-diaminopyridine under-
went similar cyclization to the imidazo[4,5-b]pyridines 
(5; R = Et or Pr; X = N) but 3,4-diaminopyridine 
did not so react. 
The basic strength of 8-ethoxypurine (expected to be 
similar to that of 8-methoxypurine,9 pKa 3·14), was 
raised a little in its 7-methyl (Table 1) (3·48) and 9-
methyl 10 (3·45) derivatives and only one unit further 
by an additional powerfully electron-donating 6-sub-
stituent in the purines (l e and d) (pKa 4·64 and 4·37, 
respectively) . In contrast, the addition of 2 more 
C-methyl groups to 8-ethoxypurine gave the derivative 
(2; R1 = Me, R 2 = H , R3 = OEt), with pKa 4·71. 
The appreciable base-weakening by insertion of a 
6-methylthio-group [(la) 3·45 _., (l e) 1·82] suggested 
that the basic centre must be adjacent at N-1 for such a 
purely inductive effect to operate so strongly (cf. Reich-
man et al.11). The pKa values for the thiazolo[5,4--dl-
pyrimidines, benzimidazoles, and naphth[2,3-d]imid-
azoles proved comparable with those recorded for 
analogous members of the respective series.9,12, 13
 
The addition of a ring-nitrogen atom had the usual 
acid-strengthening effect in passing from the benz-
imidazole (5; R = Et, X = CH) (pKa 11-60) to the 
imidazo[4,5-b]pyridine (5; R = Et, X = N) (pKa 
9·97) but also an unexpected small base-strengthening 
effect (4·39 _., 4·58) which suggested a change of 
protonation site to the pyridine nitrogen atom. The 
acid-strengthening (inductive) effect of an 8-alkoxy-
group on 7(9)-unsubstituted purines (cf. data in Table 1 
and ref. 14) was appreciable. 
recorded .10 
By such means, 4-amino-5-methylaminopyrimidine 
16 
The u.v. spectra (Table 1) of the purines and thiazolo-
pyrimidines confirmed their structures by closely 
resembling recorded data 9,14 for analogous derivatives. 
The spectra for the naphthimidazoles (6) showed con-
• G. B. Elion, W. H. Lange, and G. H. Hitchings, J. Amer. 
Chem. Soc., 1956, 78, 2858. 
• D. J. Brown and S. F. Mason, J. Chem. Soc., 1957, 682. 
10 G. B. Barlin, J. Chem. Soc. (B), 1967, 954. 
11 U. Reichman, F. Bergmann, D. Lichtenberg, and Z. Neiman, 
J .C.S. Perkin I, 1973, 793. 
" D. D. Perrin, ' Dissociation Constants of Organic Bases in 
. \queous Solution,' Butterworths, London, I 965 . 
13 D. J. Brown, J. Chem . Soc., 1958, 1974. 
(AcOH ; 65°; 33 h} gave 8-ethoxy-7-methylpurine (2 ; 
R 1 = H, R 2 = Me, R 3 = OEt) (41 %), m .p. 163° (from 
benzene) (Found: C, 54·2; H, 5·6; N, 31·6. C8H 10N 40 
requires C, 53·9; H , 5·7 ; N, 31·4%); 5-amino-4-chloro-
6-methylaminopyrimidine 16 (reflux; 44 h) gave 6-chloro-
8-ethoxy-9-methylpurine (l b) (58%), m .p. 143° (from 
water) (Found: C, 45·5; H, 4·4 ; N, 26·7 . C8H 9ClNP 
requires C, 45·2; H , 4·3; N, 26·3%}; 5-amino-4-dimethyl-
amino-6-methylaminopyrimidine 17 (reflux; 20 h ) gave 
6-dimethylamino-8-ethoxy-9-methylpurine ( le) (8 1 %) , m.p . 
113° (t. l.c.; sublimation at 65° and 0·04 mmHg) (Found: 
C, 54·5; H, 6·7 ; N, 32·0. C10H 10N 00 requires C, 54·3 ; 
H , 6·8; N, 31·65%); 5-amino-4,6-bismethylaminopyrimi-
dine 18 (reflux; 33 h) gave 8-ethoxy-9-methyl-6-methyl-
aminopurine (ld) (70%}, m.p. 151-152° (from ethanol 
after sublimation at 95° and O· l mmHg) (Found: C, 52·0 ; 
H, 6·0; N, 33·5. C9H 13N 60 requires C, 52·2; H, 6·3; 
N, 33·8%); 4,5-diamino-2,6-dimethylpyrimidine 19 (re-
flux ; 8 h) gave a crude product which was fully cyclized 
by heating at 175° for 1 h before sublimation (130° at O· l 
mmHg) to give 8-ethoxy-2,6-dimethylpurine (2; R 1 = Me, 
R 2 = H, R 3 = OEt) (37%), m.p. >224° (decomp.) (Found: 
C, 56·0; H, 6·3; T, 29·3. C9H 12N 40 requires C, 56·2; 
H, 6·3; N, 29· 15%); 5-amino-4-methylamino-6-methyl-
thiopyrimidine 20 (AcOH; 25°; 6 h) gave 5-diethoxy-
methyleneamino-4-methylamino-6-methylthiopyrimidine (3a) 
(> 90%), m.p. 116- 117° (from ethanol) (Found: C, 48·9 ; 
H, 6·6; N, 20·8. C11H 18N 40 2S r equires C, 48·9; H, 6·7 ; 
N, 20·7%), which was cyclized by heating at 200° for 
20 min to give 8-ethoxy-9-methyl-6-methylthiopurine ( le) 
14 P. D. Lawley in J. H. Lister,' Purines,' Wiley, New York, 
1971 , p. 439 et seq.; A. Albert in 'Synthetic Procedures in 
Nucleic Acid Chemistry,' ed.\\". W . Zorbach anrl R. S. Tipson. 
Wiley, New York, 197:l, vol. 2, pp. I, 47 . 
10 D. J. Brown, ]. Appl. Chem., I 954, 4, 72. 
16 D. J. Brown,] . Appl. Chem ., 1955, 5, :l58. 
17 D. Soll and W. Pfleiderer, Chem. Ber., 1963, 96, 2977. 
18 D. J . Brown and N. W. Jacobsen, J. Chem. Soc., 1960, 1071\ . 
" R. N. Prasad, C. W. Noell. and R. I<. Robins,]. Amer. Ch <'m . 
Soc . , 1959, 81. l 9:l . 
•o D . J. Brown,]. Appl . Chrm ., 1956, 7, 109. 
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(62%). m.p. 119° (Found: C, 48·3; H, 5·5; N, 25·3. 
C9H 12N40S requires C, 48·2; H, 5·4; N, 25·0%); 5-amino-
6-methylaminopyrimidine-4-thione 20 (reflux; 9 h) gave 
8-ethoxy-6-ethylthio-9-methylpurine (lf) (54%). m.p. 79-
800 (from light petroleum) (Found: C, 50·8; H, 6·0; 
N, 23·9. C10H 14N 40S requires C, 50·4; H, 5·9; N, 23·5%) 
{the same pyrimidinethione 20 (1·5 g), N-potassium hydr-
oxide (11 ml), and ethyl iodide (0·9 ml) were shaken for 
3 h, set aside for 12 h, and then refrigerated; the 5-amino-
4-ethylthio-6-methylaminopyrimidine (1·64 g) had m .p. 
91 ° [ after recrystallization from water and drying (P .05) 
at 65° and 760 mmHg) (Found: C, 45·6; H, 6·7; N , 30·5. 
C7H 12N 4S requires C, 45·65 ; H, 6·6; , 30·4%); this 
pyrimidine (0·5 g), tetraethoxymethane (2·5 ml), and 
acetic acid (0·12 g) were stirred at 25-30° for 18 h; re-
frigeration gave 5-diethoxymethylencamino-4-ethylthio-6-
inethylaminopyrimidine (3b) (0·58 g), m.p. 94° (from 
light petroleum) (Found: C, 50·9; H, 7·1 ; N, 19·7 . C12-
H20N4O2S requires C, 50·7; H , 7·1; N, 19·7 %); the 
dicthoxymethylene derivative (O· l g) was heated in a 
TABLE 1 
Ionization data and u .v . spectra 
Compound 
Purines 
8-0Et-7-Mc 
6-Cl-8-0Et-9-.:\Ie 
pl( •• 
:H8 :I: 0·02 
),m.x . (log c) • fsolvent or pH] 
274 (4·08) [ l-0] 
275 (4·05), 235 (3-48) [9·8] 
275 (4·00) 246, (3·62) 
r:-.IeOH] 
6-NMe2-8-0Et-9-'.IIc 4·G4 :.1: 0·01 2S6 (4· UJ), 276 (4·24), 214 (4·33) [2·0] 
s-OEt-9-'.IIC'-G-:~rn,re 4.3; ± 0·05 
278 (4·29), 217 (4·35) (8-4] 
277 (4·19), 272 (4·22). 212 
8-l >Et-2, li-:'lle, 
- 1 >El-9-i\lC'-(i-S:'lle 
8-< >Et-G-SEt-9-:'llc 
&-( >Et-2-SEt-G, 9-:-.-Ie, 
-1-71 ± 0·02 
8·74 :i: 0·01 
l ·82 :::: 0·02 
C 
(4·34) (1-5] 
270 (4·24) , 210 (4-42) (7-0] 
279 (3 ·98). 215 (4-28) (l·O] 
277 (3 ·97). 229 (3·96), 210 
(4·27) [6·6] 
282 (3-98), 220 (4-20) (11-9] 
320 (4-28), 274 (3·53), 238 
(4·16), [- 1-0] 
294 (4·23). 288 (4·22), 226 
(4·21) [5·2] 
320 (4·28), 274 (3·63), 239 
(4·16) (-1·0] 
205 (4·26), 288 (4·22), 227 
(4·20) [5·8] 
300 (3·68), 264 (3 ·85), 228 
(3·99) [McOH] 
9-,\lc-8-0Pr-6-SPr c :320 (4·27), 274 (3·62). 230 
(4·16) [- 1-0] 
Others 
(4 : H Et) 
(4 : R = Pr) 
(5 : R = Et, 
X = CH) 
(5 : R = Pr, 
X = CH) 
295 (4·22), 287 (4·16), 228 
(4· 13) [5·5] 
C 2/16 (3·!J I ), 273 (4·12). 266 
(4-07), 223 (4·25) [1·2] 
2!17 (3·70), 272 (4·16), 267 
(4·15) . 218 (4·33) [6·7] 
3·31 ± 0·01 2117 (3 ·02), 273 (4·13), 264 
(4·07). 222 (4·27), [I ·2] 
296 (3·74), 271 (4·16), 265 
(4·15), 218 (4·34) [8·0] 
4·39 ± 0·02 275 (3·79). 269 (3·81), 221 
(3·90) [2·0] 
11·60 ~'= 0·01 281 (3·69), 275 (3·74). 269 
(3·35), 242 (3-38), 235 
(3·75) [8·3] 
283 (3-83), 245 (3·57), [14·0] 
C 276 (3·79), 270 (3-81), 223 
(3·88) [l·O] 
:? 1 (3·73), 275 (3-78), 269 
(3-65), 242 (3-68), 235 
(3 ·79) (8-4] 
283 (:h 3) , 244 (3·56) (14-0] 
351 
TABLE l (Continued) 
Compound 
(6; R = Et) 
(6; R = Pr) 
pK. • ) ...... (log c) • [solvent or pH] 
4·07 ± 0·01 323 (3·80), 314 (3·76), 309 
(:M9). 300 (3 ·81), 296 
(3·78), 290 (3·7 1), 285 
(3·70), 276 (3 ·55), 238 
(4-80), 235 (4·82), 222 
(4-68) [1·2] 
I 1·15:::: 0·01 327 (3·84), 319 (3·79), 313 
/:l-82). :l06 (3·83), 240 
(4·87) [8·1] 
3:l3 (3·85), 321 (3-81). 250 
(4·82)[14-0J 
:J23 (:l -84), :ll4 (3· 79), 309 
(3·82), 300 (3·83), 296 
(:l-80). 290 (3· 72), 28:; 
(3-68), 276 (3-49), 2,18 
(4·83), 235 (4·84), 222 
(4·69) [1·2] 
327 (:l-91), 319 (3·87), 313 
(3·89). 306 (3·89), 240 
(4·91), [8-4] 
:l:H (3·92), ,32 1 (3·89), 250 
(4·86), [14-0] 
(5; R = Et, X = K) 4·58 ± 0·01 :JOI (4 ·21), 251 (~·33), 212 
(3·92) [2·1J 
9·07 ± 0·04 286 (4-08), 230 (3·56) [7-4] 
(5 ; R = Pr, X = N) C 
206 (4-09) [12·3] 
301 (4·20), 251 (3·37). 2 12 
(3·96)(2-0] 
• Measured spectrometrically ( . .\ . Albert and E. P. Serjeant, 
' Determination of Ionization Constants,' Chapman and Hall, 
London, 1971) at 20° and concentrations < 10-•M in buffers of 
10-•M ionic strength (D. D . Perrin, Austral.]. Chem., 1963, 16, 
572) without thermodynamic corrections. • Inflections and 
shoulders in italics. • Ionization assumed to approximate to 
that of homologue. 
loosely stoppered tube at 195° for 20 min to give the 
purine ( lf)}; 5-amino-4-methyl-6-methylaminopyrimidine-
2-thione 21 (AcOH ; reflux ; 10 min) gave 5-diethoxy-
methyleneamino-2-ethylthio-4-methyl-6-methylaminopyrimi-
dine (3c) (81 %), m.p. 124--125° (from ethanol) (Found: 
C, 52·4; H, 7·4; I, 18·9. C13H 22N40 2S requires C, 52·3; 
H, 7·4; N, 18·8%), and thence by heating at 170° for 40 
min, 8-ethoxy-2-ethylthio-6,9-dimethylpurine (lh) (68%). 
m .p . 79-80° (from ethanol) (Found: C, 52·6; H , 6·3; 
N, 22·6. CnH16N 40S requires C, 52·4; H, 6·4; N , 22·2%) ; 
and 5-amino-6-methylaminopyrimidine-4-thione 20 
[(Pr0) 4C; 5 155°; 7 h] gave 9-methyl-8-propoxy-6-propyl-
thiopurine ( l g) (44%} , m.p. 55° (from light petroleum) 
(Found : C, 54·5; H , 6·9; N, 21·3 . C12H 18N40S requires 
C, 54·1; H , 6·8; , 21-0o/o) . 
8-Methylthiopurine (2; R 1 = R 2 = H , R 3 = SMe).-
4,5-Diaminopyrimidine 22 (0·5 g). tetrakismethylthiome-
thane 6 (0·9 g). and acetic acid (2 ml) were boiled under 
reflux with stirring for 2 h . The residue from concentration 
under reduced pressure soli<lifi.ed on trituration with ether 
(10 ml) . The solid was washed with fresh ether (2 X 10 
ml) and recrystallized from water to give 4-amino-5-(bis-
methylthiomethyleneamino)pyrimidine (0·44 g). m.p. 157-
1580 (Found : C, 39·5; H , 4·9; N, 26·5. C7H 10N 4S2 
requires C, 39·3 ; H , 4·7 ; N, 26·2 %). This pyrimidine 
(0·2 g) was heated at 200° for l h. The residue crystallized 
from water to give 8-methylthiopurine, identified by mixed 
m .p. (258°) and u .v. spectra.23 
4-Amino-5-diethoxymethyleneaminopyrimidine (3d).- 4,5-
Diaminopyrimidine 22 (0·5 g). tetraethoxymethane (2·5 ml). 
21 D. J. Brown , P . W . Ford , and K . H . Tratt, J. Chem. Soc. (C), 
1967, 1445. 
" D . J. Brown, J. Appl. Chem. , 1952, 2, 239. 
23 A. Albert and D. J. Brown, J. Chem. , oc., 1954, 2060; S. F . 
!Ila ·on, ;bid., p . 2071. 
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TABLE 2 
1H N.m.r. spectra a 
8 Values 
Purines 
8-OEt-9-Me 
8-OEt-7-Me 
6-Cl-8-OEt-9-Me 
6-NMe,-8-OEt-9-Me 
8-OEt-9-Me-6-NHMe 
8-OEt-2, 6-Me, 
8-OEt-9-Me-6-SMe 
8-OEt-6-SEt-9-Me 
8·87 (s, 2-H), 8·81 (s, 6-H), 4·71 (q, J 7, CH1), 3·66 (s, 9-Me), 1-51 (t, J 7. CMe) 
9·01 (s 2-H), 8·68 (s, 6-H), 4·79 (q, J 7, CH,), 3·63 (s, 7-Me), 1·53 (t, J 7, CMe) 
8·58 (s, 2-H). 4·75 (q, J 7, CH1) 3·65 (s 9-Me) , 1·53 (t, J 7, CMe) 8·36 (s, 2-H), 4·60 (q, J 7, CH1), 3·54 (s, 9-Me). 3·46 (s, NMe2), 1-47 (t, J 7, CMe) 8·39 (s, 2-H). 4-57 (q, J 7, CH1), 3-58 (s, 9-Me). 3·16 (d, J 5, 6-NMe), 1-47 (t, J 7, Ci',!e) 
4·67 (q, J 7, CH,) , 2-78 (s, 2-Me), 2·70 (s, 6-Me), 1-48 (t, J 7, Me of Et) 
8·64 (s, 2-H), 4·68 (q, J 7, CH,) , 3·64 (s, 9-Me) , 2·71 (s, SMe), 1-49 (t, J 7, CMe) 
8·61 (s, 2-H), 4·68 (q, J 7, OCH,), 3·58 (s, 9-Me), 3·38 (q, J 7, SCH,), 1-49 (t, J 7, Me of OEt), 1-43 
(t, J 7, Me of SEt) 
8-OEt-2-SEt-6, 9-Me, 
9-Me-8-OPr-6-SPr 
4·65 (q, ], 7, OCH,), 3·56 (s, 9-Me), 3·24 (q, J 7, SCH1), 2·64 (s, 6-Me), 1-50 {t, J 7, Me of OEt), 
1-41 (t, J 7, Me of SEt) 8·61 (s, 2-H), 4·59 (t, J 7, OCH,), 3·59 (s, 9-Mc), 3·37 (t, J 7, SCH2), 1·87 (m, both C·CH,). 1·07 
(t, J 7, both CMe) 
8-SMe• 8·94 (s, 2-H), 8·84 (s, 6-H), 2-77 (s, Me) 
Pyrimidines • 
5-NH,-4-SEt-6-NHMe 
5-De-4-SEt-6-NHMe 
5-De-2-SEt-4-Me-6-NHMe 
8·27 (s, 2-H), 5·20br (s, NH,), 3·20 (q, J 7, CH,), 3·01 (d, J 5, NMe), 1·33 (t, J 7, C-:'lle) 
8·30 (s, 2-H), 4·32 (q, J 7, both OCH,), 3·15 (q, J 7, SCH,), 3·00 (d, J 5, NMe), 1·33 (t, J 7, all Ole} 
4·30 (q, J 7, both OCH,), 3·16 (q, J 7, SCH,), 2·99 (d, J 5, NMe), 2·11 (s, 4-Me), 1·39 (m, Me of SEt and 
5-De-4-NHMe-6-SMe 
4-NH,-5-De 
4-NH,-6-Cl-5-De 
both OEt) 8·36 (s, 2-H), 4·33 (q, J 7, both CH,), 3·02 (d, J 5, NMe}, 2·51 (s, SMe), 1·36 (t, J 7, both CMe) 
8·26 (s, 2-H), 8·19 (s, 6-H) , 5·54br (s, NH,). 4·26 (q, J 7, both CH1), 1·32 (t, J 7, both Me) 
8·15 (s, 2-H), 5·32br (s, NH,), 4·35 (q, J 7, both CH1), 1·34 (t, J 7, both Me) 
8·42 (s, 2-H), 8·00 (s, 6-H), 5·30br (s, NH,), 2·55 (s, both Me) 
4- H,-5-Bm 
Others 
(4; R = Et) 
(4 ; S = Pr) 
8--17 (s, 5-H}, 4·58 (q, J 7, CH,}, 3·19 (d, J 5, NMe), 1-47 (t, J 7, Ole) 
8·44 (s, 5-H), 4·45 (t, J 7, SCH,). 3·15 (d, J 5, NMe), 1·87 (sext., J 7, C·CH,}, 1·03 (t, J 7, Ole) 
(6 ; R = Et, X = CH) 
(5; R = Pr, X = CH) 
(6; R =Et)• 
7·25 (m, 4,5,6,7-H,), 4·63 (q, J 7, CH,), 1·44 (t, J 7, Me) 
7-30 (m, 4,5,6,7-H,), 4·55 (t,] 7, OCH,), 1·86 (sext., J 7, C·CH,), 0·99 {t, J 7, Me} 
7·86 (m), 7·38 (m), 4·59 (q, J 7, CH,). 1·42 (t, J 7, Me) 
7·80 (m}, 7·37 (m), 4·58 (t, J 7, OCH,), 1-88 (sext., J 7, C·CH,). 1·02 (t, J 7, Me) (6 ; R = Pr) 
(5; R = Et, X = N) 8·27 (q , J.,. 5, J •. , 1-4, 5-H), 7-88, (q, J.., 8, J •. , 1·4, 7-H) , 7-18 (q, ] •.•. 5, J.., 8, 6-H), 4·70 (q, J 7, CH 2), 1-51 (t, J 7, Me) 
(6; R = Pr, X = N) 8·22 (q, J, .• 5, J,., 1-4, 5-H), 7·86 (q, J •. , 8, J,., 1·4, 7-H). 7·15 (q, J,.• 5, fa ., 8, 6-H), 4·58 (t, J 7, OCH,), 1·94 (sext., J 7, C·CH,), 1·07 (t, J 7, Me) 
• Measured at 60 MHz and 33° in CDC1
3 
(except as otherwise indicated); Me,Si asinternalstandard; J values in Hz. • In (CD3) 2SO. 
•De = (EtO) 2C: ; Bm = (MeS) 2C:N. 
and acetic acid (0·28 g) were heated and stirred under 
reflux for 30 min. The solid (0·68 g) which was deposited 
on refrigeration was triturated with N-potassium hydroxide 
and then washed with water to give the diethoxymethylene 
derivative, m.p. 109-110° (Found: C, 51·1; H, 6·9 ; N, 
26·4. C9HuN,02 requires C, 51·4 ; H , 6·7 ; N, 26·65%), 
4-A mino-6-chloro-5-diethoxymethyleneaminopyrimidine 
(3e) .-4,5-Diamino-6-chloropyrimidine 24 (0·2 g). tetra-
ethoxymethane (1·8 g), and acetic anhydride (0·2 g) were 
stirred under reflux until the mixture was homogeneous 
(ca. 5 min). Refrigeration gave the chloro-5-diethoxy-
methyleneaminopyrimidine (0·16 g), m .p . 111-112° (from 
ethanol) (Found: C, 44·3; H, 5·4 ; N, 22·8. C9HiaClN.O, 
requires C, 44·2; H , 5·4; N, 22·9%). 
2-A lkoxy-7-methylaminothiazolo[ 5, 4-d]pyrimidines .- 5-
Amino-6-methy laminopyrimidine-4-thione •0 (0·5 g), tetra-
ethoxymethane (5 g), and acetic acid (0·2 g) were stirred 
at 80° for 4 h and then chilled . The solid was washed 
with cold light petroleum, subjected to t.l.c . [silica; chloro-
form-acetone (9: l)], and then sublimed (80° at 0·02 
mmHg) to give the 2-ethoxy-7-methylaminothiazolopyrimi-
dine (4; R = Et) (0·26 g), m .p . 141° (Found: C, 46·0; H, 
4·8 ; N, 26·6 . C8H 10N 40S requires C, 45·7; H, 4·8; N, 
26·66o/o). Use of tetrapropoxymethane at 96° for 1 h 
gave the 7-methylamino-2-propoxythiazolopyrimidine (4; 
R = Pr) (0·41 g), m .p . 131-132° (from ethanol) (Found: 
C, 48·3; H, 5·4; N, 25·3 . C9H 12N 40S requires C, 48·2; 
H, 5·4; ~. 25·0%), 
24 A. Albert, D. J . Brown, and G. Cheeseman,]. Chem. Soc., 
1952, 4219. 
2-Alkoxylated Fused Imidiazoles.-As in the purine 
series, o-phenylenediamine (AcOH; 30°; 30 min) gave 
2-ethoxybenzimidazole (6; R = Et, X = CH) (73%), 
m .p . 166-167° (lit.,•• 160-166°), identified by its i.r. 
spectrum; •• also 2-propoxybenzimidazole ( 5; R = Pr, 
X = CH) (93%), m .p. 164-166° (Found: C, 68·1; H, 
6·8; N, 16·0. C10H 12N 20 requires C, 68·2; H, 6·9; N, 
16·9%). Similarly, 2,3-diaminonaphthalene (AcOH; 30°; 
90 min) gave 2-ethoxynaphth[2,3-d]imidazole (6 ; R = Et) 
(>90%), m .p. 241-242° (from ethanol) (Found: C, 
74·0 ; H, 6·6; N, 13·0. C13H 12N,0 requires C, 73·6; H, 
5·7; N, 13·2%) and its 2-propoxy-homologue (6; R = Pr) 
(>90%), m .p. 167-168° (from aqueous ethanol) (Found: 
C, 74·6 ; H, 6·2; N, 12·6. C14H 14N 20 requires C, 74·3; 
H, 6·2; N, 12·4%); and 2,3-diaminopyridine (166°; 
80 min) gave 2-ethoxyimidazo[4,5-b]pyridine (6; R = Et, 
X = N) (67%), m .p . 148-160° (from acetone) (Found: 
C, 59·6 ; H , 6·6; , 26·0. C8H 9NP requires C, 58·9; H, 
6·6; N, 26·76 %) and the 2-propoxy-homologue (6; R = Pr, 
X = N) (82%), m.p . 121° (Found: C, 61-1; H, 6·3; N, 
23·8 . C9HuN30 requires C, 61·0; H, 6·3; N, 23·7%). 
We thank Drs. W. L. F . Armarego and J. H . Lister for 
discussions; Mr. S. E . Brown for measuring the n.m.r. 
spectra; and the Australian ational University for 
supporting R. K. L. as a scholar. 
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VII .* 3-ALKOXYPYRJMIDO[5,4-e]-as-TRTAZI ES AND SOME DERIVATIVES 
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Abstract 
Syntheses and some reactions of 3-ethoxypyrimido[5,4-e]-as-triazines are 
described . For example, 4-hydrazino-6-methoxy-5-nitropyrimidine (3a) and ethyl 
orthocarbonate give the 4-(diethoxymethylene)hydrazino derivative (4a) which may 
be reduced to its 5-amino analogue (4b) and thence cyclized to the 3-ethoxy-1 ,2-dihydro-
5-methoxypyrimidotriazine. This undergoes dehydrogenation by mercuric oxide to the 
3-ethoxy-5-methoxypyrimidotriazine (I a). Such dialkoxypyrimidotriazines are 
aminolysed to 5-mono- or 3,5-di-amines, e.g. (Jg) or (le), according to conditions ; 
similarly trialkoxypyrimidotriazines, e.g. (Ip), undergo successive aminolysis at the 
5-, 3-, and 7-position. In contrast, the 3-group proves to be least reactive during 
progressive acidic hydrolysis of trialkoxypyrimidotriazines to the trione (8). The tabu-
lated ultraviolet and p.m.r. spectra serve to prove or confirm many of the structures. 
I TRODUCTIO 
A 7-substituent may be introduced ab initio into a pyrimido[5,4-e ]-as-triazine 
(1) by prior 2-substitution of the intermediate 4-hydrazino-5-nitropyrimidine (3; 
R3 = N0 2); 1- 3 a 5-substituent may be inserted similarly
1 
•
4
•
5 or sometimes by oxidation 
of a covalent 5,6-adduct, e.g. (5), of the pyrimidotriazine. 1 •6 In contrast, a 3-substituent 
can be provided only a part of the aliphatic reagent used to cyclize the intermediate 
pyrimidine (3; R 3 = NH 2) , an overall procedure by no mean simple in practice when 
a functional group is required. Thus 3-alkylpyrimidotriazines (I; R 3 = alkyl) and their 
1,2-dihydro derivatives are well represented 1 •6 - 8 but analogues bearing a functional 
group at the 3-position are quite rare: 3-hydroxy-, 3-chloro-, and 3-hydrazino-ferven-
ulin ;9 everal 1,2-dihydropyrimidotriazin-3-ones ;8 • 10 three pyrimidotriazin-3-ones of 
unconfirmed structure ;8 •11 and some 3-(substituted-methyl)pyrimidotriazines. 12 
* Part VI, J. chem. Soc. Perkin I, 1972, 2316. 
t John Curtin School of Medical Re earch, P.O. Box 334, Canberra City, A.C.T . 2601. 
1 Biffin, M. E. C., Brown, D . J ., and Sugimoto, T., J. chem. Soc. (C), 1970, 139. 
2 Brown, D. J ., and Kershaw, J. R., J. chem. Soc. Perkin I, 1972, 2316. 
3 Brown, D. J., and Sugimoto, T ., J. chem. Soc. (C), 1971, 2616. 
4 Temple, C., and Montgomery, J . A., J. org. Chem., 1963, 28, 3038. 
5 Temple, C., Kussner, C. L. , and Montgomery, J . A., J. org. Chem., 1969, 34, 2102 and 3161. 
6 Brown, D. J ., and Sugimoto, T ., Aust. J. Chem., 1971 , 24, 633 ; J. chem. Soc. Perkin I, 
1972, 237. 
7 Brown, D . J., and Sugimoto, T ., J. chem. Soc. (C), 1970, 2661. 
8 Polya, J. B., and Shanks, G . F ., J. chem. Soc., 1964, 4986. 
9 Taylor, E. C., and Sowinski, F., J. Am. chem. Soc., 1968, 90, I 374. 
10 Krackov, M. H., and Christensen, B. E., J. org. Chem., 1963, 28, 2677. 
11 Bergmann, F., Levene, L., Neiman, Z., and Brown, D . J., Biochim. biophys. Acta, 1970, 
222, 191. 
12 Temple, C. , Kussner, C. L. , and Montgomery, J. A. , J. org. Chem., 197 J, 36, 2974. 
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R ' R 2 R 3 R' R 2 R 3 
(Ja) H OMe OEt (Jn) OMe OMe OEt 
(J b) H OEt OEt (l o) OMe H OEt 
(Jc) H OMe OMe (Ip) OPr OMe OEt 
R2 (Id) H NH2 NH2 (lq) OEt OEt OEt (J e) H HMe NHMe (1 r) OPr NH2 OEt 
"'Y.:cJN (If) H H2 OEt (J s) OPr NHMe OEt 3 I 6 (Jg) H NHMe OEt (J l) OMe NH2 NH2 N;.1 s~ 1 (J h) Me OMe OEt (Ju) OEt NH2 NH2 
"N N R (Ji) Me NH2 NH2 (Iv) OPr NH2 NH2 
(lj) Me NHMe NHMe ( lw) OPr NHMe NHMe 
(J k) Me OMe NH2 (Jx) NHMe NHMe NHMe 
(J l) Me NHMe OEt (J y) NH2 NH2 NH2 
(Jm) Me OMe NHMe (Jz) OMe OMe OMe 
SYNTHESES 
In the present paper we describe syntheses for some 3-ethoxypyrimido[5,4-e]-
as-triazines (1; R 3 = OEt) which serve as convenient precursors for other deriva-
tives. 4-Hydrazino-6-methoxy-5-nitropyrimidine 13 (3a) reacted with tetraethoxy-
methane (ethyl orthocarbonate 14) to give the (diethoxymethylene)hydrazinonitro-
pyrimidine (4a) which underwent catalytic hydrogenation to the unstable 5-amino 
analogue (4b) and subsequent cyclization 
to the dihydropyrimidotri azine (2; R 1 = H, 
R 2 = OMe). Without isolation, this was 
aromatized by si lver oxide, manganese 
dioxide, or (best) mercuric oxide to the 
3-ethoxy-5-methoxypyrimidotriazine (la) 
which underwent transetherification ( cf. 7) 
on prolonged boiling with silver oxide (or 
better, manganese dioxide ; its first use for such a process) in ethanol or methanol 
to yield the diethoxy (I b) and dimethoxy (le) analogues respectively. Aminolysis 
of the dialkoxypyrimidotriazine (la) gave the diamines (l d) and ( le); under more 
gentle conditions, the monoarnines (1 f) and (lg) were obtained. 
R' R 2 R 3 
R2 (a) H OMe N02 
·x: (b) H OMe NH2 '-':::N HN I NAR1 (c) Me OMe N02 (3) (d) OMe H N02 Hz (e) OEt H N02 
(f) OPr H N02 
R2 (g) H H N02 
·x: (h) Me Me N02 I '-':::N (i) OMe Me N02 (Eto}zc=NHN N~R1 (j) H Cl NH2 ( 4) (k) Cl H NH2 
Similar procedures converted the 2-methylpyrimidine1 (3c) into the intermediate 
(4c) and thence into the pyrimidotriazines ( lh- m). Likewise, the 2-methoxypyrimi-
13 Biffin, M . E. C., Brown, D. J ., and Lee, T.-C., Aus/. J. Chem., 1967, 20, 1041. 
14 Roberts, J. D ., and McMahon, R . E., Org. Synth ., 1952, 32, 68. 
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dine7 (3d) gave its derivative (4d) but subsequent steps produced 3-ethoxy-5,7-
dimethoxypyrimidotriazine (ln) instead of 3-ethoxy-7-methoxypyrimidotriazine (lo). 
This occurred because the latter underwent 5,6-addition of methanol (present as 
solvent) followed by oxidation of the adduct (5; R = Me); when methanol was 
replaced by ethanol only a by-product (4e) was isolated. In a similar way, 2,4-di-
chloro-5-nitropyrimidine was converted into its 2,4-dipropoxy analogue and thence 
into the pyrimidotriazine (lp), via the pyrimidines (3f) and (4f) and the adduct 
(5; R = Pr). Other 4-(diethoxymethylenehydrazino)pyrimidines (4g-i), prepared 
from the corresponding hydrazinopyrimidines 1 •7 • 15 (3g-i), failed to yield pyrimido-
triazines satisfactorily. 
The trialkoxypyrimidotriazines (l n) and (Ip) and their homologue (I q) (prep-
aration below) all underwent successive aminolyses at the 5-, 3-, and 7-position 
to give (according to the amine used and the severity of conditions) the products 
(lr-x). Those derived from the propoxypyrimidotriazine (lp) were unambiguous in 
structure; those from (ln) and (lq) were formulated by spectral analogy. The 
preparation of triaminopyrimidotriazine (Ly) was unsuccessful. 
EtO :CH O~le y I NH ~ ,..) 
-..:: N~OR (5) 
(EtO)zC= 
(EtO)zC= NH (6) 
(8) 
Rx:O~lc 
'-::::: N 
H21 OCH NHN I N) (9) 
In another approach to 3,5-dialkoxy- and 3,5,7-trialkoxy-pyrimidotriazines, 
5-amino-4-chloro-6-hydrazinopyrimidine 16 (3j) was allowed to react with tetra-
ethoxymethane to give the diethoxymethylene derivative (4j) which cyclized in acidic 
media to the 1,2-dihydropyrimidotriazine (2; R 1 = H, R2 = Cl). This failed to 
undergo satisfactory oxidative alkoxylation to the products (1 a) or (lb) or oxidative 
hydrolysis to the pyrimidotriazine-3,5-dione. In contrast to its isomer (3j), the 
2-chloropyrimidine3 (3k) and tetraethoxymethane gave the bis(diethoxymethylene) 
derivative (6). Only on initial dilution with an excess of ethanol did the reaction 
yield the required pyrimidine (4k) which underwent spontaneous cyclization to the 
dihydropyrimidotriazine (2; R 1 = Cl, R 2 = H). Treatment of this with silver 
oxide in ethanol or methanol gave (by several obvious steps) 3,5,7-triethoxypyrimido-
triazine (lq) and its trimethoxy homologue (lz), respectively. Gentle acidic hydrolysis 
of the ethers (lp) and (lq) gave 3-ethoxypyrimidotriazine-5,7-dione (7) (cf. aminolysis 
above) and more vigorous conditions furnished the trione (8). 
In an attempt to make 3-amino-5-methoxypyrimidotriazine by cyclization, 
4-chloro-6-methoxy-5-nitropyrimidine 17 was allowed to react with semicarbazide 
15 Biffin, M . E. C., Brown, D . J ., and Porter, Q . N., J. chem. Soc. (C), 1968, 2159. 
16 Montgomery, J. A., and Temple, C., J. Am. chem. Soc., 1960, 82, 4592. 
17 Hoffmann- La Roche, Brit. Pat. 914,417, 1963 (Chem. Abstr., 1963, 58, 12579). 
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at room temperature. The resulting nitrosemicarbazidopyrimidi ne (9; R = NO2) 
was reduced to the corresponding amine (9; R = H 2) but thermal cyclization 
followed by treatment with silver oxide in ethanol gave insufficient product for 
characterization. 
TABLE ] 
ULTRAVIOLET SPECTRA AND IONlZATION CO STANTS 
Inflexions or shoulders in italics; data for peaks below 220 nm are inexact. pK'. at 20°. C6 H12 , 
cyclohexane 
Compound and 
pK"n (A.anal) 
(la) 
(lb) 
(le) 
(Id) 
2·88±0·05 (294) 
( le) 
3·30±0·05 (3 15) 
(If) 
(lg) 
(lb) 
(Ii) 
3·76±0·03 (294) 
(Ii) 
4 · 15 ± 0 ·05 (280) 
(lk) 
(11) 
(Im) 
( In) 
( Ip) 
(lq) 
(Ir) 
( l s) 
(It) 
( tu) 
( Iv) 
( l w) 
(Ix) 
5·55±0·02 (277) 
(lz) 
(4e) 
(7) 
(8) 
6·07±0·08 (280) 
8 · 56±0·06 (280) 
pH or 
solvent 
C6H12 
C6H12 
C6H 12 
8·5 
1 ·0 
9·0 
I ·0 
MeOH 
MeOH 
C6H 12 
8·5 
1 ·0 
9·0 
1·0 
MeOH 
MeOH 
MeOH 
C6H12 
C6H12 
C6H12 
MeOH 
MeOH 
MeO H 
MeOH 
MeOH 
MeOH 
9·0 
1 ·0 
C6H12 
C6H 12 
MeOH 
1 ·2 
10 ·9 
•mu (loge) 
2 14 (4·09), 236 (4 · 18), 262 (3·55), 279 (2·97), 322 (3· 45), 328 (3·55), 336 (3·68), 
344 (3·74), 351 (3·81), 360 (3·67), 367 (3·69), 482 (2·46), 524 (2 ·08) 
213 (4· 14), 237 (4· 19), 264 (3·51), 281 (2·93), 322 (3· 45), 329 (3·57), 337 (3 ·71), 
345 (3·76), 352 (3·84), 361 (3·70), 368 (3·7 1), 482 (2· 45), 512 (2·26), 522 (2 · 11 ) 
214 (4·01 ), 236 (4· 15), 253 (3·66), 259 (3·56), 263 (3· 44), 278 (2·94), 321 (3 ·43), 
327 (3·53), 335 (3·67), 343 (3·72), 350 (3·80), 359 (3·67), 367 (3·68), 480 (2·44), 
508 (2·22), 520 (2·04) 
215 (4 · 31), 228 (4 · 18), 268 (4· 11), 42 1 (3 · 68) 
217 (4·2 1), 270 (4·03), 295 (3 ·72), 415 (3·7 1) 
223 (4·40), 281 (4· 14), 445 (3 ·72) 
226 (4·28), 284 (4·03) 295 (4 ·00), 312 (3·85), 450 (3·72) 
2 18 (4·04), 261 (4· 11 ), 296 (3·27), 392 (3· 73) 
214 (4·06), 224 (4·05), 268 (3·95), 295 (3·38), 403 (3·78) 
216 (4 · 11 ), 237 (4 · 19), 262 (3 ·60), 280 (2 · 84), 341 (3 · 62), 349 (3 ·68), 356 (3 ·74), 
366 (3·62), 373 (3·60), 480 (2·40), 502 (2·29), 522 (2·06) 
213 (4·30), 232 (4 · 14), 269 (4· 17), 429 (3 ·68) 
218 (4·26), 233 (4 · 12), 265 (4 ·08), 269 (4·08), 295 (3·69), 424 (3 ·70) 
223 (4·39), 281 (4 · 18), 450 (3·69) 
226 (4 ·32), 280 (4·06), 290 (4·01), 310 (3·79), 445 (3·70) 
222 (4 ·04), 259 (4 · 17), 310 (3 ·04), 394 (3 ·71 ) 
227 (4·06), 267 (4·04), 402 (3·78) 
227 (4·05), 266 (4·02), 401 (3· 79) 
2/0 (4·04), 233 (4·3 1), 260 (3 ·6 1), 276 (3·03), 352 (3·61), 362 (3·71), 370 (3 ·79), 
381 (3·69), 389 (3·72), 474 (2·47), 502 (2·32), 516 (2·21) 
235 (4·31), 255 (3·86), 275 (3·02), 355 (3·58), 364 (3·67), 372 (3 ·75), 383 (3 · 66), 
391 (3 · 67), 471 (2 ·45) 
236 (4·33), 255 (3·86), 278 (2 ·98), 355 (3·61), 365 (3·71), 373 (3·78), 384 (3 ·69), 
39 1 (3·70), 474 (2·44) 
216 (3·95), 221 (4·07), 256 (4 ·25), 307 (3·29), 405 (3·72) 
216 (4·29), 26 1 (4· 15), 312 (3·27), 41 2 (3 ·80) 
220 (4· 11), 251 (4· 19), 261 (4·24), 320 (3 ·04), 430 (3 ·67), 470 (3·40) 
221 (4· 11), 253 (4·24), 260 (4 ·27), 318 (3 ·08), 433 (3 · 69), 475 (3·30) 
215 (4· 10), 220 (4· 17), 251 (4 ·25), 254 (4 ·28), 261 (4 ·3 1), 310 (3 ·23), 437 (3·76) 
216 (4· 17), 221 (4·27), 258 (4 · 18), 260 (4·20), 268 (4 ·25), 272 (4·26), 320 (3 · 26), 
457 (3·71) 
228 (4·22), 277 (4·46), 330 (3· 46), 475 (3 ·66) 
221 (4 ·42), 263 (4·41), 326 (3·60), 450 (3·62) 
233 (4·29), 255 (3·8 1), 275 (3·08), 353 (3·62), 363 (3 · 71), 370 (3·79), 38 1 (3 ·69), 
389 (3· 70), 476 (2· 47), 488 (2 ·44) 
233 (3·81), 271 (4·05), 285 (3 ·93), 297 (3·64), 381 (3·44) 
216 (3·63), 221 (4·00), 236 (4 ·28), 264 (3 ·32), 267 (3 ·27), 272 (3· 19), 379 (3· 70) 
23 1 (3 · 88), 273 (3 · 83), 420 (2 · 79) 
242 (4 · 24), 272 (3 · 83), 425 (3 · 59), 469 (3 · 27) 
EXPERIMENTAL 
Analyses were done in the Australian National University Analytical Services Unit. Ultra-
violet spectra (Table 1) were recorded on a U nicam SP J 800 and peaks were checked manually. 
Ionization constants were obtained spectrometrically at 20° and at concentrations below JO - 3M in 
buffer 
dyna 
on a 
points 
Co 
( la) 
(lb) 
( le) 
(le) 
(If) 
(lg) 
( th) 
(lj) 
(lk) 
(11) 
(Im) 
(In) 
(Ip) 
(lq) 
(tr) 
(Is) 
(It) 
(tu) 
(Iv) 
(lw) 
(Ix) 
(lz) 
(2; R 1 
(2; R 1 
(3f) 
(4a) 
(4c) 
(4d) 
(4e) 
(4f) 
(4g) 
(4h) 
(4i) 
(4J) 
(6) 
(7) 
4-(Die 
was o 
n 
,r 
2, 
), 
), 
), 
), 
), 
), 
), 
), 
l· 
v. 
n 
t 
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buffers 18 of 10- 2 M ionic strength using methods outlined by Albert and Serjeant; 19 no thermo-
dynamic corrections were applied. The proton magnetic resonance spectra (Table 2) were measured 
on a Perkin-Elmer 60 MHz instrument at 33° with tetramethylsilane as internal standard . Melting 
points are corrected. 
TABLE 2 
PROTON MAGNETIC RESONANCE SPECTRA 
Compound Solvent /; values ex TMS (Jin Hz) 
(la) 
(lb) 
(le) 
(le) 
(If) 
(lg) 
(lb) 
(lj} 
(lk) 
(11) 
(Im) 
(In) 
(Ip) 
(lq) 
(Ir) 
(Is) 
(It) 
(lu) 
(Iv) 
(lw) 
(Ix) 
(lz) 
CDCl3 
CDCl3 
CDCl3 
(CD3),SO 
(CD3),SO 
(CD3),SO 
CDCl3 
(CD,),SO 
(CD,),SO 
CDCl3 
CDCI, 
CDCl3 
CDC!, 
CDC1 3 
CDCl3 
CDCI, 
(CD3),SO 
(CD3),SO 
(CD,),SO 
CDC13 
8 ·99 (s, H 7), 4·75 (q, J 7, CH2), 4 · 30 (s, OMe), 1 · 58 (t, J 7, CH,) 
8 ·98 (s, H 7), 4 ·79 (q, J 7, CH2), 1 ·60 (t, J 7, CH 3) 
9·04 (s, H 7), 4 ·36 (s, br, OMe) 
8·50 (s, br, NH), 8·38 (s, H 7), 3 ·03 (d, J 5, CH 3), 3 ·01 (d, J 5, CH 3) 
8 ·58 (s,• br, NH,), 8 · 58 (s, 7H), 4 ·67 (q, J 7, CH 2), 1 ·48 (t, J 7, CH 3) 
8 · 64 (s, H 7), 4 · 68 (q, J 1, CH,), 3 ·05 (ct,• J 5, NCH3), I ·47 (l, J 1, CH 3) 
4 ·72 (q, J 1, CH 2) , 4 ·25 (s, OMe), 2 ·8 1 (s, CH3 ) , l · 57 (t, J 7, CH3) 
3 ·04 (d, J 5, CH3 N), 3 ·01 (d, J 5, CH 3 N), 2 ·48 (s, CH3) 
5 ·77 (s, OMe), 2 · 55 (s, CH 3) 
4 ·71 (q,J 7, CH,), 3 ·24 (d,J 5, CH 3N), 2 ·70 (s, CH 3), l ·55 (t, J 1, CH3) 
4 · 30 (s, OMe), 3 ·26 (d, J 5, CH3N), 2·74 (s, CH3) 
4·71 (q, J 7, CH,), 4 · 32 (s, OMe), 4 ·26 (s, OMe), l · 56 (s, J 7, CH3) 
4 ·6 (m, a- and a '-CH 2), 4 · 31 (s, OMe), l ·98 (sex., J 1, P-CH 2), l ·58 (t, J 1, 
P'-CH3 ) , 1 · 10 (t, J 1, y-CH3 ) 
4 · 69 (m, CH 2), 1 · 50 (m, CH3) 
4 ·7 (m, a- and a '-CH2), 1 ·90 (m, P-CH 2), 1 ·58 (t, J 1, P'-CH3), 1 ·08 (t, J 1, 
y-CH3) 
4·7 (m, a- and a '-CH 2), 3 ·26 (ct,• J 5, NCH3), 1 ·91 (sex., J 7, P.CH2), l · 53 
(t, J 7, P '-CH 3), 1 ·06 (t, J 7, y-CH 3) 
7 · 33 (s,• br, NH,), 3 ·94 (s, OMe) 
7 ·36 (s,• br, NH,), 4 · 30 (q, J 7, CH 2) , 1 · 34 (t, J 7, CH,) 
7 ·30 (s,• br, NH2), 4·28 (t,J7, a-CH,), l · 73 (sex., J7, P-CH,), 0 ·98 (t,J7. CH3 ) 
4 ·49 (l , J 7, a-CH 2) , 6·77 (ct ,• J 5, NCH3 ), 6·90 (ct,• J 5, NCH3 ), 1 ·90 (sex., 
J 1, P-CH2 ), 1 ·05 (t, J 1, y-CH3 ) 
8 · 1 (s, br, NH), 7 · 5 (s, br, NH), 6·8 (s, br, NH), 2·9 (m, CH3) 
4 ·28 (s, 2CH 3), 4 ·24 (s, CH3) 
(2; R 1 = H, R 2 = Cl) 
(2; R ' = Cl, R 2 = H) 
(CD3),SO 
CDCl3 
(CD 3),SO 
(CD3),SO 
8·3 1 (s, br, NH), 7 · 55 (s, H 7), 4 ·02 (q,J 7, CH2), 1 · 23 (t,J 7, CH 3) 
9 · 33 (s,• br, NH), 8·80 (s,• br, NH), 6 ·72 (s, H 5), 4·00 (q, J 1, CH 2), l · 22 
(3f) 
(4a) 
(4c) 
(4d) 
(4e) 
(4f) 
(4g) 
(4h) 
(4i) 
(4j} 
(6) 
(7) 
(CD3),SO 
(CD3),SO 
(CD,hSO 
(CD,),SO 
CDC13 
CDCl3 
(CD3),SO 
(CD3),SO 
(CD3),SO 
(CD,),SO 
CDCl3 
(CD3),SO 
a Disappeared on addition of D 10. 
(t,J7, CH3) 
8 ·98 (s, H 4), 4 · 36 (t, J 7, a-CH 2), l · 76 (sex., J 1, P-CH,), 0 ·98 (t, J 7, CH3) 
8 ·24 (s, H 2), 4 ·20 (q, J 7, CH2), 3 ·95 (s, OMe), l ·26 (l, J 1, CH 3) 
4 ·22 (q, J 7, CH2), 3 ·95 (s, OMe), 2·38 (s, CH,). 1 · 29 (l,J 7, CH3) 
9·04 (s, H 4), 4·30 (q, J 1, CH,), 3·94 (s, OMe), 1 · 34 (t, J 7, CH3), l · 31 (t, 
J7, CH3) 
9· 14 (s, H 4), 4 ·44 (m, CH2), l ·45 (l,J 7, CH3) 
9 · 13 (s, H 4), 4 · 37 (m, a- and a '-CH 2), 1 ·93 (sex., J 1, P-CH 2 ), l ·42 (t, J 7, 
P-CH 3), l ·04 (t, J 1, y-CH 3) 
9·07(s,CH), 8·70(s, CH),4 ·29(q,J7,CH ,), 1 · 34(t, J7, CH3), 1 · 31 (t , J7, CH3) 
4 · 19 (m, CH 2), 2 ·36 (s, CH 3) , l · 27 (t , J 7, P-CH 3) 
4 · 26 (q, J 1, CH,), 3 ·90 (s, OMe), 2 · 55 (s, CH 3), 1 · 32 (t, J 1, NCH3) , I · 30 
(t, J 7, NCH 3) 
8· 45 (s,• br, NH), 7 ·75 (s, H 2), 5 ·20 (s,• br, NH 2), 4 ·26 (q, J 7, CH,), 4 · 21 
(q, J 7, CH 2) , l · 32 (t, J 1, CH 3), 1 · 27 (l, J 1, CH 3 ) 
8·51 (s, br, N H ), 8 ·02 (s, H 4), 4 · 30 (m, CH 2), 1· 33 (t, J 7, CH3) 
4 · 53 (q, J7, CH 2), 4 · 11 (s,"br, NH), 1 ·40(t,J7, CH3) 
b Collapsed to singlet on addition of D 20. 
4-( Diethoxymethylene )hydrazino-5-nitropyrimidine ( 4g) 
4-Hydrazino-5-nitropyrimidine, prepared by hydrazinolysis of its 4-methoxy analogue, 15 
was obtained as orange crystals which decomposed at 148- 149° after drying for 2 hr at 65°/0 · I mm 
18 Perrin, D. D ., Aust. J. Chem., 1963, 16, 572. 
19 Albert, A., and Serjeant, E. P., "Determination of Ionization Constants," (Chapman 
& Hall : London 1971 ). 
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(cf. lit." red crystals, m.p. 151 °)(Found: C, 31 ·0 ; H, 3· 4 ; N, 45·3. Cale. fo r C4H 5 NsO2: C, 31 ·0 ; 
H, 3 ·3; N, 45 ·2 %). This hydrazinopyrimidine (2·0g), tetraethoxymethane (16 ml), and ethanol 
(40 ml) were heated under reflux for 6 hr. The residue from evaporation under reduced pressure 
was extracted with boiling cyclohexane (3 x JOO ml). The concentrated extracts gave the diethoxy-
methyle11ehydrazi11011itropyrimidi11e (I · 06 g), m.p. 117-119° (from cyclohexane) (Found: C, 42 · 1 ; 
H, 5 ·3; , 27·8. C9H, 3 5O4 requiresC,42·4; H, 5·1 ; N, 27 ·4 %). 
4-( Diethoxy111ethyle11e)hydrazi110-6-methoxy-5-11itropyrimidi11e (4a) 
4-Hydrazino-6-methoxy-5-n.itropyrimidine13 (7 ·6 g) was added during 5 min to stirred 
tetraethoxymethane (20 ml) boiling under reflux. After a further 10 min the mixture was cooled . 
The sticky precipitate was filtered off, sucked dry, and then extracted with boiling cyclohexane 
(2 x 200 ml). Concentration of the extracts gave the diethoxymethylenehydrazino-6-methoxynitro-
pyrimidine (7·7g), m.p. 121- 123° (from cyclohexane) (Found: C, 42 ·1; H,5·4 ; N,25·0. 
C10H, 5 NsO5 requiresC,42 · 1; H, 5·3 ; N,24 ·6 %). 
3-Ethoxy-5-methoxypyrimido[5,4-e]-as-triazine (la) 
The foregoing pyrimidine (3 · 54 g) was hydrogenated in methanol (500 ml) over palladium-
charcoal (10 %; 0·9 g) . The filtrate was sti rred and boiled under reflux with yellow mercuric oxide 
(8 ·3 g) for 2 hr . The suspension was evaporated to dryness under reduced pressure. The residue 
was extracted with boiling light petroleum (b.p. 60-80°; 4 x 200 ml). Concentration of the extracts 
gave the 3-ethoxy-5-methoxypyrimidotriazine (I ·7 g), m.p. 139- 140° (from light petroleum, fo llowed 
bysublirnation at80°/0 ·15mm)(Found : C,46·4; H,4 ·5 ; N, 34 ·5. C8 H9N 5O2 requiresC,46·4; 
H , 4 ·4; N, 33·8 %). The use of silver oxide or manganese dioxide (40 min) in place of mercuric 
oxide gave lower yields of a less pure product. 
3,5-Diethoxy- and 3,5-Dimethoxy-pyrimido[5,4-e]-as-triazine (lb and Jc) 
3-Ethoxy-5-methoxypyrimidotriazine (0 · 5 g) was transetherified by boiling under reflux in 
ethanol (200 ml) with silver oxide (2·5 g) for 13 hr or with manganese dioxide (8 g) for 2 hr. The 
filtered solution was evaporated to dryness under reduced pressure. Extraction of the residue with 
boiling light petroleum and subsequent evaporation of the extract gave the diethoxypyrimidotriazine 
(c. 0·4g), m.p. 90-91° (from light petroleum) (Found: C,49 ·3; H, 5 ·3; N,32·1. C9 H 11 N 5O2 
requiresC, 48·9; H,5 ·0 ; N,31·7 %). M +·221. 
Replacement of ethanol by methanol in the above process led to the dimethoxypyrimidotriazine 
(c. O· 16 g), m.p. 152- 153° (from ethanol) (Found: C, 43 ·9; H, 4 ·2; N, 36 ·6. C,H7 N 5O2 requires 
C,43·5; H,3 ·7 ; N,36 ·3 %), 
3,5-Diaminopyrimido[5,4-e ]-as-triazine (Id) 
3-Ethoxy-5-methoxypyrimidotriazine (0 ·70 g) and saturated methanolic ammonia (50 ml) 
were heated in a sealed tube at 110° for 18 hr. Refrigeration gave the diamino analogue (0 ·41 g), 
m.p. > 340° (from water) (Found : C, 36 · 7; H, 3 · 3; N, 60 · 2. C5H 5N 7 requires C, 36 · 8; H, 3 · I ; 
N, 60 ·1 %), 
3,5-Bismethylaminopyrimido[ ,4-e]-as-triazine (l e) 
3-Ethoxy-5-methoxypyrimidotriazine (0 · 3 g) and 2 % ethanolic methylamine (I 00 ml) were 
allowed to stand at 25° for 12 hr. The residue from evaporation crystall ized from ethanol to give 
the bismethylaminopyrimidotriazine (0 ·21 g), m.p. 267-268° (Found: C, 43 ·8; H, 4 ·9; N, 51 ·2. 
C,H9N1 requires C, 44 ·0 ; H, 4 ·7; N, 51 ·3%). 
5-Amino-3-ethoxypyrimido[5,4-e]-as-triazine (JI) 
Saturated methanolic ammonia (5 · 0 g) was added in drops during IO min to a stirred solution 
of 3-ethoxy-5-methoxypyrimidotriazine (0·23 g) in ether (150 ml) al 25°. After 36 hr the solution 
was evaporated under vacuum. The residue crystallized from water to give 5-amino-3-ethoxy-
pyrimidotriazine (0· 14 g), m.p. > 242° (dee.) (Found: C, 43 · 5; H, 4 · l ; N, 43 ·7. C,H 8N 6 O requires 
C, 43 ·7; H, 4·2; N, 43 ·7%), 
3-Ethox 
to a sti 
After a 
from 
(dee.) ( 
H,5·8; 
(contai 
extracti 
m.p.22 
H,6·3; 
3-Ethox 
genated 
were ro 
vacuum 
recrysta 
m.p. 16 
requires 
3,5-Dia 
heated 
> 315° 
N, 55· 
7- Meth 
(5 %; 1 
from 
(Found 
3-Amin 
3 
methan 
followe 
·O; 
no! 
µre 
IXY-
· 1 ; 
ed 
ed. 
ane 
ro-
·0. 
1111-
·de 
ue 
cts 
"ed 
·4; 
u-ic 
in 
he 
ith 
ine 
0 2 
ine 
ires 
nl) 
g), 
1 ; 
i:re 
ve 
2. 
on 
on 
11:y-
es 
.i 
AZA ANALOGUES OF PTERIDINE. VU 1695 
3-Ethoxy-5-methylaminopyrimido[5,4-e]-as-triazine (Jg) 
A mixture of 15 % ethanolic methylamine (4 g) and ether (20 ml) was added during 30 min 
to a st irred solution of the 3-ethoxy-5-methoxypyrimidotriazine (O · 3 g) in ether (150 ml) at 25°. 
After a further 15 min the solution was evaporated under vacuum (25°). After recrystallization 
from methanol , the residual 3-ethoxy-5-methylaminopyrimidotriazine (0·24 g) had m.p. > 247° 
(dee.) (Found: C,47·0 ; H, 5 · 1; N,40·7. C8 H 10N 60 requires C,46·6; H,4·9; ,40·8%). 
4-( Diel hox ymet h ylene )!, ydrazi no-2-me I hox y-6-met hy l-5-n it rop yr im idi ne ( 4 i) 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine7 (3 ·O g), tetraethoxymethane (IO ml), 
and ethanol (200 ml) were heated under reflux for 60 hr. Treatment as for the analogues above 
produced a crude product which on trituration with light petroleum gave the diethoxymethylene-
hydrazino-2-methoxy-6-methylnitropyrimidine (3 ·45 g), m.p. 103-104° (Found: C, 44· 3 ; H , 5 · 6 ; 
N,23·6. C 11 H 17 N 50 5 requiresC,44·1; H,5·7; N,23·4 %). 
4-(Diethoxymethylene)hydrazino-6-methoxy-2-methyl-5-nitropyrimidine (4c) 
4-Hydrazino-6-methoxy-2-methyl-5-nitropyrimidine' (10 ·0 g) was added during 10 min to 
stirred tetraethoxymethane (20 ml) boiling under reflux. After heating for a further 50 min, the 
solution was cooled. The pasty solid was filtered off and sucked dry. Extraction with boiling light 
petroleum (b.p. 60-80°; 2 x 200 ml) and concentration of the extracts gave the diethoxymethylene-
l,ydrazino-6-methoxy-2-methyl-5-nitropyrimidine (1 O · 6 g). A sample, purified by t.1.c. (silica gel-
ethyl acetate) followed by sublimation (105°/0·05mm), had m.p. 110-111 ° (Found: C,44 · 5 ; 
H , 5 · 8; N , 23 · l. C 11 H 17N 50 5 requires C, 44 · l; H , 5 ·7 ; N, 23 ·4 %). When crude starting material 
(containing some 4,6-dihydrazino-2-methyl-5-nitropyrimidine20) was used above, the light petroleum 
extraction left behind a residue of 4,6-bis[(diethoxymethylene)hydrazino]-2-methyl-5-nitropyrimidi11e, 
m.p. 229° (dee.) (from benzene) (Found: C, 44 · 7 ; H, 6 ·0; N, 24 · 8. C 15 H 25N 7 0 6 requires C, 45 · l; 
H, 6 ·3; N, 24·6 %). [o(CDCl 3): 4·40 (m, CH 2), 2 · 52 (s, CH3), l ·39 (t, 17, P-CH 3)]. 
3-Ethoxy-5-methoxy-7-methy lpyrimido[5,4-e]-as-triazine (Jh) 
4-Diethoxymethylenehydrazino-6-methoxy-2-methyl-5-nitropyrirnidine (2 · 8 g) was hydro-
genated as its 2-demethyl homologue. The filtrate and silver oxide or yellow mercuric oxide (8 g) 
were rocked in a sealed tube at 100° for 3 hr. The residue from evaporating the mixture under 
vacuum was extracted with boiling light petroleum (4 x 200 ml) . Concentration of the extracts and 
recrystallization of the solid from methanol gave the ethoxymethoxymethytpyrimidotriazine (O · 5 g), 
m.p. 169- 171 ° (after sublimation at 100°/0·2 mm)(Found: C, 48 ·6; H, 5 · l ; N,32·0. C9 H 11 N 50 2 
requires C, 48·9 ; H, 5 ·0 ; N , 31 ·7 %). 
3,5-Diamino-7-methylpyrimido[5,4-e]-as-triazine (Ji) 
The foregoing pyrimidotriazine (0 ·43 g) and saturated methanolic ammonia (50 ml) were 
heated at 103- 105° for 18 hr. Evaporation gave the diaminomethylpyrimidotriazine (0 ·33 g), dee. 
> 315° (from water) (Found: C,40·6 ; H , 4·3; N,55·4. C6 H7 N 7 requires C,40 ·7 ; H,4·0 ; 
N, 55 ·4 %). 
7-Methyl-3,5-bismethylami11opyrimido[5,4-e]-as-triazi11e (Jj) 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine (O · 3 g) was stirred in ethanolic methylamine 
(5%; JOO ml) at c. 25° for 40 hr. Evaporation under vacuum and recrystallization of the residue 
from methanol gave the methy/bis111etl,y /ami11opyrimidotriazine (0·23 g), decomposing above 245° 
(Found: C,46·6 ; H ,5·5; N,48 · 1. C8 H 11N 7 requiresC,46·8; H ,5·4; N,47·8 %). 
3-Amino-5-methoxy-7-methylpyrimiclo[5,4-e]-as-triazine ( I k) 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine (0·3 g), methanol (JOO ml), and saturated 
methanolic ammonia (l g) were stirred at c. 25° for J 2 hr. Evaporation under reduced pressure 
followed by t.1.c. of the residue [silica ; chloroform+methanol (9: I ) ] gave the aminomethoxy-
20 Biffin, M. E. C., Brown, D . J., and Lee, T.-C., J. chem. Soc. (C), 1967, 573. 
I 
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methylpyrimidotriazine (O · l 8 g), which decomposed above 220° without melting (Found: C, 43 ·4; 
H,4·2 ; ,43·8. C,H8 N6OrequiresC,43·7; H,4·2; N,43 ·7 %). 
3-Ethoxy-7-methy/-5-methylamino- and 5-Methoxy-7-methyl-3-methy/amino-pyrimido[5,4-e]-as-
lriazi11e (JI and 1 m) 
3-Ethoxy-5-methoxy-7-methylpyrimidotriazine (0· 19 g), ether (200 ml), and ethanolic methyl-
amine (15 %; 3 g) were stirred at 20- 25° for 4 hr. Evaporation and t.l.c. (alumina ; ethyl acetate) 
of the residue gave the ethoxymethylmethylaminopyrimidotriazi11e (RF 0·5), m.p. 215° (dee.) (after 
sublimation at 110°/0 ·004 mm) (Found: C, 49 · 3 ; H, 5 · 5; N , 38 · 6. C9H, ,N6 O requires C, 49 · 1; 
H , 5·5; N, 38·2 %) and the methoxymethylmethylamino analogue (Rr- 0·4), m.p. c. 194° (after 
sublimation), which tenaciously retained a trace of the above analogue (Found : C, 47 · 05 ; H, 5 · 4; 
N , 39·4. Calc.forC8 H 10N6 O: C,46·6; H,4·9 ; N,40·8 %). 
4-(Diethoxymethy/ene)hydrazino-2-methoxy-5-nitropyrimidine (4d) 
4-Hydrazino-2-methoxy-5-nitropyrimidine7 (2·5 g) was treated as its 6-methyl derivative 
(above) with tetraethoxymethane to give the diethoxymethylenehydrazino-2-metlwxynitropyrimidine 
(2 ·0 g) which had m.p. 126° after purification by t.1.c. (silica; ethyl acetate) and sublimation 
(110°/0 · lmm) (Found : C,42 ·4 ; H,5 · 5 ; N,24·5. C 10H 15N 5O5 requires C,42·1; H,5·3 ; 
N, 24·6 %). 
3-Ethoxy-5,7-dimethoxypyrimido[5,4-e]-as-triazine (in) 
The foregoing pyrimidine (2 ·0 g) was converted, as its analogue (4c), by hydrogenation (in 
methanol) and subsequent treatment with silver oxide into the ethoxydimethoxypyrimidotriazine 
(0 · 15 g), m.p. 157° (from methanol) (Found: C, 45 ·7; H , 4 · 8; N, 29 ·7 . C9H 11 N 5O, requires 
C, 45·6; H, 4·7; N, 29 · 5 %). 
When ethanol was used in the hydrogenation and subsequent oxidative step only the unreduced 
transetherified by-product, 4-(diethoxymethylene)hydrazino-2-ethoxy-5-nitropyrimidine, m.p. 98-100° 
(fromlightpetroleum)(Found: C,44·2 ; H , 5·6 ; N , 23 · 3. C 11 H 1 7 N 5O5 requiresC,44·l; H,5·7 ; 
N, 23 ·4 %) was isolated (in small yield) . 
5-Nitro-2,4-dipropoxypyrimidine 
A solution of 2,4-dichloro-5-nitropyrirnidine21 (29 · 3 g) in anhydrous propanol (200 ml) 
was stirred at 15- 20° while propanolic sodium propoxide (200 ml; from 7 g sodium) was added 
dropwise during 30 min. The mixture was then boiled under reflux for 30 min and cooled. Evapora-
tion of the filtrate and distillation of the residue (c. 138° /0 · 5 mm) gave the nitrodipropoxypyrimidine, 
m.p. 32- 33° (from light petroleum) (Found : C, 50 ·0; H, 6·3; N, 17 ·4. C 10H 15 N 3O4 requires 
C, 49 ·8 ; H, 6·3 ; N, 17·4 %). [o(CDCl 3): 9 ·09 (s, H6), 4 · 54 (t, J7, oc-CH 2), 4·43 (t, J7, a-CH2), 
l ·90 (sex., J 7, P-CH 2), l ·06 (t, J 7, CH3 )]. 
4-Hydrazino-5-nilro-2-propoxypyrimidine (31) 
A mixture of the foregoing nitrodipropoxypyrimidine (15 g), hydrazine hydrate (98 % ; 
3 · 18 g), and ethanol (300 ml) were maintained at c. 25° for 12 hr and then filtered . The residue 
from evaporation of the filtrate was triturated with light petroleum and then recrystallized from 
ether. The hydrazinonitropropoxypyrimidine (I J · l g) had m.p. 83-84° (with shrinkage from c. 74°) 
(Found : C, 39 · 6 ; H , 5 · l ; N , 33·4. C,H 11 N 5O 3 requires C, 39·4 ; H , 5 ·2 ; N, 32 ·9 %). The 
compound showed no trace of an isomer on t.l.c. in several systems. 
4-(Diethoxymethylene)hydrazino-5-nilro-6-propoxypyrimidine (41) 
The foregoing hydrazinopyrimidine (5 · O g) was added during JO min to stirred tetraethoxy-
methane boiling under reflux. After 3 hr the solution was cooled . The solid diethoxymethylene-
hydrazino derivative (5 · J g) had m.p. 100- 101 ° (from light petroleum) (Found: C, 46 ·0 ; H , 6·2; 
N, 22·7. C 1 2 H, 9N5O5 requires C, 46·0; H, 6 · l ; N , 22 ·4 %). 
21 Whittaker, N., J. chem. Soc., 1951, 1565. 
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3-Ethoxy-5-methoxy-7-propoxypyrimido[5,4-e]-as-triazine (Ip) 
The a bove diethoxymethylenehydrazino derivative (4·0 g) was hydrogenated in methanol 
(80 ml) over palladium-charcoal (10 % ; I ·0 g). The filtered solution was rocked with yellow mer-
curic oxide (I 2 g) in a sealed tube at 100° for 2 hr. Filtration and subsequent evaporation of the 
filtrate gave a residue which was extracted with boiling light petroleum (b.p. 60-80° ; 3 x JOO ml). 
Evaporation of the extracts gave an oily residue which crystallized from a little methanol : the 
ethoxymethoxypropoxypyrimidotriazine (0 ·2 g) had m.p. 122- 123° (Found: C, 49 ·8; H, 5 · 8; 
N, 26·5. C 11 H, 5 N 5 O 3 requires C, 49·8; H , 5·7; N, 26·4 %). 
4-(Diethoxymethylene )hydrazino-2,6-dimethyl-5-nitropyrimidine ( 4h) 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine' (3 · 0 g), tetraethoxymethane (JO ml), and 
ethanol (200 ml) were boiled under reflux for 12 hr. The residue from evaporation was extracted 
by boiling light petroleum (JOO ml). Concentration of the extract gave the diethoxymethylenehydra-
zinodimethy lnitropyrimidine (3 · 8 g), m.p. 86-87° (Found: C, 46 · 3; H, 5 ·9; N, 25 · l. C 11 H 17 N5O4 
requiresC,46·6 ; H,6·1; N,24·7 %). 
5-Amino-3-ethoxy-7-propoxypyrimido[5,4-e]-as-triazine (Ir) 
Saturated methanolic ammonia (IO ml) was added rapidly to a stirred solution of 3-ethoxy-
5-methoxy-7-propoxypyrimidotriazine (0 · 13 g) in methanol (I 5 ml) at 0-5°. After a further 30 min 
at c. 15°, the mixture was evaporated to dryness under reduced pressure (I 5-20°). The residue 
recrystallized from water to give the aminoethoxypropoxypyrimidotriazine (0· lg), m.p. 209-210° 
(dec.)(Found: C,47 ·7; H,5·5; N,33·6. C, 0 H,4 . o , requiresC, 48 ·0 ; H, 5·6 ; N, 33·6 %). 
3-Ethoxy-5-methylamino-7-propoxypyrimido[5,4-e]-as-triazine (ls) 
Ethanolic methylamine (JO %; 0 · 9 g) was added dropwise during IO min to a stirred solution 
of 3-ethoxy-5-methoxy-7-propoxypyrimidotriazine (0·07 g) in ethanol (50 ml) at - 10°. After a 
further JO min the solution was evaporated at 0° under vacuum. Recrystallization of the residue 
from methanol gave the 5-methylaminopyrimidotriazine (0·05 g), m.p. I 60-161 ° (dee.) (Found: 
C,49 · 5; H,6 · 1; N,31 · 6. C 11 H 16N 6 O2 requiresC,50·0 ; H,6 · 1; , 31·8 %). 
3,5-Diamino-7-methoxypyrimido[5,4-e]-as-triazi11e (It) 
3-Ethoxy-5,7-dimethoxypyrimidotriazine (0 · 10 g) and saturated methanolic ammonia 
(50 ml) were heated in a sealed tube at I 00° for I 8 hr. The residue from eva poration recrystallized 
from water to give the diami11omethoxypyrimidotriazi11e (0 ·06g), dee. > 275° (Found: C,37 ·2 ; 
H, 3 · 7 ; N, 50 ·4. C6 H7 N 7O requires C, 37·3; H, 3 ·7 ; , 50·8 %). 
3,5-Diamino-7-ethoxypyrimido[5,4-e]-as-triazine (Ju) 
Similar ammonolysis of triethoxypyrimidotriazine (0 · 1 g) using methanolic ammonia (I 5 ml) 
at 150° gave the diami11oethoxypyri111idotriazi11e (0 ·04 g), m.p. > 260° (from methanol) [Found 
(after drying in air): C, 39·9 ; H, 4·9 ; N , 46 · 5. C7 H9 7 O,0 ·25 H2 O requires C, 39 ·7 ; H , 4·5 ; 
N , 46 · 3 %]. 
3,5-Diamino-7-propoxypyrimido[5,4-e]-as-triazine (Iv) 
Similar ammonolysis of 3-ethoxy-5-methoxy-7-propoxypyrimidotriazine (0 · 14 g) using 
methanolic ammonia (15 ml) at 100° gave the diami11opropoxypyrimidotriazi11e (0·05 g), m.p. > 270° 
(dee.) [after purification by t.l.c. on silica (chloroform+ methanol, 9 : 1 ) ] (Found : C, 43 · 6 ; H, 4 ·9 ; 
N , 44·9. C8 H 11 N 7OrequiresC,43·4 ; H, 5 ·0 ; , 44·3 %). 
3,5- Bismethylamino-7-propoxypyrimido [5,4-e]-as-triazi11e (Jw) 
A solution of 3-ethoxy-5-methoxy-7-propoxypyrimidotriazine (0 ·25 g) in ethanolic methyl-
amine (10 %; JOO ml) was tirred a t 28- 30° for 55 hr. The residue from evaporation crystallized 
from water to give the bismethylamino derivative (0 · 14 g), m.p. 200-201 ° (Found : C, 47 · 8 ; H, 5 · 8 ; 
N, 38 · 8. C 10 H15N 7 O requires C, 48·2; H , 6· I ; N, 39·3 %). 
ll: 
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3 ,5, 7-Trismerhylaminopyrimido [5,4-e ]-as-I riazine (1 x) 
Triethoxypyrimidotriazine (0·2 g) and methanolic methylamine (10%; 50 ml) were hea ted 
in a sealed tube at 148-150° for 24 hr. The residue from evaporation crystallized from methanol 
to give rrismerhyla111inopyrimidorriazi11e (0 · 14 g), m.p. > 257° (dee.) (Found, after drying at 110°/ 
O·I mm for 2hr: C,43·1; H,5·8; N,48·5. C8 H 12N8 ,¼CH3OH requires C,43 ·4 ; H,5·7; 
N,49 · 1 %). 
5-Amino-4-ch/oro-6-(dierhoxymethyle11e)hydrazi11opyrimidine (4j) 
5-Amino-4-chloro-6-hydrazinopyrimidine16 (O · 50 g) was stirred in refluxing tetraethoxy-
methane (5 ml) for I hr. Refrigeration gave the diethoxymethylene derivative (0 · 68 g), m.p. 126-128° 
(from acetone) (Found: C,41·7; H,5·2; N,27·2. C9 H, 4CIN5O2 requires C,41·6; H , 5·4; 
N, 27·0 %), which decomposed in a few days unless kept in a refrigerator. 
5-Chloro-3-ethoxy-l,2-dihydropyrimido[5,4-e)-as-triazine (2; R' = H, R 2 = Cl) 
The foregoing diethoxymethylenehydrazinopyrimidine (I · 84 g) was dissolved in ethanol 
(I 00 ml) containing 12N hydrochloric acid (0 · 57 ml). After 30 min at room temperature the solution 
was concentrated (30°/15 mm) to c. 5 ml. The resulting solid (I ·45 g) recrystallized from methanol 
to give the ch/oroethoxydihydropyri111idotriazi11e hydrochloride methano/are, decomposing > 300° 
(Found, after drying at 65°/0 · I mm for I hr : C, 34· I; H , 4·4 ; N, 24 ·9. C7 H8 N5O,HCl,CH 3OH 
requiresC,34 · 1; H , 4·6; N,24·8 %). 
2-Chloro-5-diethoxymethyleneamino-4-(dierhoxymethy/ene)hydrazinopyrimidine (6) 
5-Amino-2-chloro-4-hydrazinopyrimidine3 (I ·O g) and tetraethoxymethane (JO ml) were 
boiled under reflux for 1 hr. Refrigeration gave the bisdiethoxymethylene derivative (0 · 8 g), m.p. 
133- 134° (fromacetone)(Found: C,47·0; H,6 · 1; N,19·4. c,.H22CIN5O. requiresC,46·7; 
H, 6·2 ; , 19 ·5%). 
7-Chloro-3-ethoxy-l ,2-dihydropyrimido[5,4-e]-as-triazine (2 ; R' = Cl, R 2 = H) 
Tetraethoxymethane (JO ml) was added to a solution of 5-amino-2-chloro-4-hydrazino-
pyrimidine3 (2 · 3 g) in ethanol (300 ml) already boiling under reflux. After 30 min at the boi l, 
concentration to 30 ml furnished the dihydropyrimidotriazine (I · 7 g), dee. > 180° (from methanol) 
(Found: C, 39·2 ; H,4·3; N, 32·6. C,H 8CIN5O requires C, 39·4; H , 3·8; N , 32·8%). 
3,5,7-Triethoxypyrimido[5,4-e)-as-triazine (Jq) 
A solution of the foregoing dihydropyrimidotriazine (I ·4 g) in ethanol (400 ml) was stirred 
and boiled under reflux with si lver oxide (16 g) for 2 hr. The residue from evaporation of the filtered 
solution was extracted with boiling ether (5 x JOO ml). Evaporation of the extracts gave the tri-
ethoxypyrimidotriazine (O· 86 g), m.p. 145- 146° (after su blimation at 140°/0· I mm) (Found : C, 50·0; 
H, 5·7 ; N,26 ·0. C 11 H 15N5O3 requiresC,49·8; H,5·7; N,26· 4 %). 
3,5,7-Trimethoxypyrimido[5,4-eJ-as-triazine (J z) 
When the same dihydropyrimidotriazine (0 · 5 g) as above was stirred in refluxing methanol 
(100 ml) with silver oxide (4 g) for 17 hr, the product proved (p.m. r. spectrum) to contain approxi-
mately equal parts of 3-ethoxy-5,7-dimethoxypyrirnidotriazine and its trimethoxy homologue. 
Transetherification was completed by treatment with fresh si lver oxide (20 g) in refluxing methanol 
(I 00 ml) for 20 hr. The resulting trimethoxypyrimidotriazine (0 · 2 g) decomposed c. 181 ° after 
recrystallization from methanol (Found : C,43·0; H,4·2 ; N, 31 ·0. C8 H9 N5 O3 requires C,43· 1; 
H , 4 ·1 ; N,31·4 %). 
3-Ethoxypyrimido[5,4-eJ-as-triazine-5,7(6H,8H)-dione (7) 
3,5,7-Triethoxypyrimidotriazine (0 · 3 g) and 5N hydrochloric acid (20 ml) were stirred at 
25° for 5 hr. Evaporation under reduced pressure at 25- 30° gave a sticky residue which crystallized 
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from methanol to give the dione (O · l 3 g), m.p. 263° (dee.) (Found: C, 40· 3; H, 3 ·4 ; N, 33 · 8. 
C,H7 N 50 3 requires C, 40 · 2; H, 3·4 ; N , 33·5 %). Similar treatment of 3-ethoxy-5-methoxy-7-
propoxypyrimidotriazine gave a product identical in m.p. and spectra, thus proving the orientation. 
Pyrimido[5,4-e]-as-triazine-3,5,7(3H,6H,8H)-trio11e (8) 
3,5,7-Triethoxypyrimidotriazine (0 ·4 g) was stirred for JO min in SN hydrochloric acid (20 ml) 
boiling under reflux . Evaporation under reduced pressure and recrystallization from water gave the 
trione (0·2 g), which decomposed above 330° without melting (Found, after drying at 100° : C, 31 ·4 ; 
H,2·3; N,36·5 . C5 H3 N 50 3 ,0 ·5H, O requiresC,31 ·6; H,2 · 1; N,36 ·8 %). 
4-Methoxy-5-nitro-6-semicarbazidopyrimidine (9 ; R = N02) 
Semicarbazide hydrochloride (2 ·94 g) in water (50 ml) was added dropwise over l hr to a 
stirred solution of 4-chloro-6-methoxy-5-nitropyrimidine 17 (5 · 0 g) in ethanol (200 ml) which was 
maintained at pH 5- 6 by adding sodium hydrogen carbonate (4 ·45 g) in water (50 ml) at a similar 
rate. After 2 days, refrigeration of the mixture gave a solid which was filtered off and washed with 
ice-water and then a little ethanol. The residual nitropyrimidine (5 · 23 g) had m.p. 211 ° (dee.) (from 
water) (Found: C, 31 · 3; H, 3 ·6 ; N , 37 ·0. C6 H8 N604 requires C, 31 ·6 ; H, 3·5 ; N, 36 ·8%). 
5-Ami110-4-methoxy-6-semicarbazidopyrimidine (9 ; R = NH2) 
A suspension of the nitro compound (4·2 g) in methanol (250 ml) underwent hydrogenation 
(20° ; 750 mm) in c. 2 hr . The mixture was brought to boiling and filtered ; the cake was extracted 
with boiling methanol (4 x 200 ml). Refrigeration of the filtrate and extracts gave the aminopyrimidine 
(l ·9 g) , m.p. 236° (dee.) (from water) (Found : C, 36 · l ; H, 5 · l ; N, 41 ·9. C6H, 0 N 60 2 requires 
C,36·4; H,5·1; N,42 ·4 %). 
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